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THE SNAKE DANCE 


By Marion LL. OLIveERr 


T was after a hot day's march across 

the desert that | had my first glimpse 

B oof Oraibi, one of the pueblo towns 

of the Hopi Indians. [¢ looked like 

some gigantic fortress, looming i the 

distittice above miles and miles of desert 
snail, 

As we rode nearer we saw that/at the 
foot of the great rock on which the town 
was built were little patches of com aru 
4 few peach trees, tiny gardens which 
locked parched and stunted in the haat 
sun of the desert, We pitched our cainp 
at the fowt of the mesa and spent the 
Hight waiting m great excitement for the 
morrow, when we were to see the great 
est teligious ceremony of the Mopts, the 
Guake Liance, which tikes place only 
every two years, and for which we liad 
cote so fur. The dance was: to take 
place at the hostile village, “Tl ~Ta-Vila” 
saoles beyond Oraili. This village to 
min ix more interesting than the other 
older towns; for there missionaries are 
Ticst welcome, sethantes ahs cient exist, elothes 
ire not thonglit necessary. and the aid 
fanh of the Hopis ts guarded and taught 
with eute lv the Antelope and Snake 
priests. 

At last mormme canis, and at the first 
noes of the reveille | was up. My tent 
wos opencand even from my blankets ! 
could see in the dim morning bght. the 
erent wall of the mesa, several hundred 





feet high, with the Hopi village on top, 
frowning. at the white men who hud 
cure to sec the sacred ceremony of the 
Hopi nation, Although 1) was very 
early, I could hear from time to time 
songs and voies floating down on the 
chill morning air; evidently the village 
was wide awake, The time passed all 
too slowly, and breakfast and the regular 
cainp rontine seemed unending. 

At dast 11 o clock came, anid, mgurit- 
ing otr horses, we started for what 
proved a most thrilling experience. We 
had to tide up a very hard trai over 
the mesa, through Oraili, and on over 
the desert an the ather ade, The trail 
was filled with both Navales and EHopis 
on little wunderted Indian [Hodes ail on 
their way lo see the “big meclicine.” 
Soom the iwstile village, Ho-Ta-Vila, 
was reached. Every where there was a 
fecling of intense excitement, anil al- 
ready the roofs of the adobe houses 
surrounding the tiny plaza were bemg 
covered with gaily dressed squmws and 
little nuked children, looking Tike tiny 
mahogany crypts. 

We found a cool «pet in the shadow 
of a honde and ate cur hincheon before 
exploring the Villnge. The villame was 
‘leticht fully forcigen, and | had to keep 
pinching mveclt io make sure that i was 
not all a dream. ‘The doors of tire low 
ielohbe Roses Were Open an! cre cumile| 
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Inone house | saw the village icere 


teclii that one wis 


momal’ hair-iresser dome the voung 
nuden Ss hm tor tomarned maidens 


do them hair ina style of their own, m 
a big round col over each ear, lo repre- 
cent the scpumsh bless, 


In another doorway was a ‘young 
sytiw with ihe 





fattest muorl browrest 
baby J lave ever seen. Fle wis ws naked 
as the day he came into Vhe world, and 
was eating, tach to my horror, a melon 
ainioést as big as bireelt 

The next howe | looked tito I re 
ceiver! quite a shock, for, instead of see 
Ing some Jodion eli) or some tome 
1 httle grav burro's face looked 
lock atime lle seemed quite at |wite 


aceThe 
i) Loe) room 
Alatie thie otter cule cit 
were lithe corals, and there were nan 
more Gorries mii) mati Wie 
withed post the lovas, or underground 
chapter hoises, ot both the Antelone and 
Snake clans, but were not allewed te 
' 


look, munch less to go dowti, as the priests 


the willage 


eliccyp 


Dieter Waele verth 


“Cheah! looked lke nome cienintic Tartross, loon in the distience above miles snd anes of 


Atri bey Mes 


We pitched our comp ut the foot of the mesa." 


Were pPRiVIng atti propane themselves 
lor the dance 

L found some one who onderstood the 
OF din mining of the dance, and 
returning to the plaza, we chinbed up 
on ane al the near-by roofs, trom which 
we hada splendid view of the tepee-like 
tlter of preen leaves,-and could look be 
yond over the roots to the great. ladder 
leaching cut of the Snake kiva, ane be 
word ogain over the ed@e of the mesa. 
aver miles and miles of desert sand, po 
the dialant blue San Francisco Moun- 
tains While waitrne for the ceremony 
to begin. be tolii me somewhat of its 
aTigin ani] religious meaning. 

‘Tt seems that the Heapiis Incloevie thet 
long, long ago nll mankind came up from 
the flower world to the earths 
thriugh «2 part (1 the Grand Canvon 
4othe Colorado Kaver. As the varios 
farlies emerged, 4ome weit north, some 
ctith weet aml @ast Those 
that went tercith, the |lonis. were driven 
nick by fierce eolid which they encout- 
tered, did built thenweelves heuact at o 
place called ‘To-ko-nma-bi. Fut; 
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CHILDERS 


desert place, Where. fo 


nately, this wat a | 
comm coold not rraw, 


rim tell ancl the 


Pie chief of this village had twa 
auns. the elder of whom, “Tigo,” resclved 


te retum to the anderworld where he 
could learn of the gods how te be always 
assured of their favor, tle made for 
lnmseali a coffip-lke beat ot «a hollow 


tree. inte which he sealed) himself and 
was thrown inte the Colorado Eiver, 
which he was convinced would carry him 
down to the home of the gods, [lis mide 
boat dméhed dawn the rapids and over 
the falla mto the secret bowels of the 
earth 

“At last it care to no stop. and Ti, 
locking out of his peep-lole, saw the 
Spider Woran, whe invited him te enter 
her bowse. The Spider Won i a 
eTeat personage m the Heap fath. She 
it ik who catches the clouds into her web 
in the heavens and makes the ruin posst- 
ble, “Tigo accepted her invitation and 
she gave him the power of imvisihality, 
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She lec hin to descend still lower into 
the earth, ante he reached the Snake 
Antelope people. Here he was received 
with great cordiality and learned all the 
necessary ceremonies tor making the 
rmnchinds tine wid go, the ripening 
Wins to blow, and order the coming and 
rong at the animals: 

"With words of affection the cinef of 
the sSrike-.ntelope clan gave him many 
things Irom both the kivas;and also two 
rmikichens, brea 14 crt ad Praia beta Wu thie enikoe- 
bite chatin Liquid. and amstracted him 
that ane was te be his wife and one the 
wile of tis brother, to whom he must 
bring her in safety. Then, finally, he 
gave hin the swcred standard, “the t- 
pent, ane tolel fond that it must be te 
Vered and protected, and in -all his 
prayers aml worship it must be at the 
head of his altar..oar his wotds would 
tet teach “These Abeve. 

“Trea now started on his homeward 
journey, ancl when he reached the Snider 
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THE SNAKE DANCE 


Woman's home she wove a deep basket, 
inte whieh she packed Tigo and the two 
nutidens, and then, letting down part of 
the web from the clouds and attaching 
it to the basket, the clouds drew this up 
sufely ta the upper world. Tigo gave 
the younger maiden to his brother and 
atineunced that in t days they would 
celebrate the martoge feast. Un the 
ftth day after the announcement. the 
Snake people from the underworkd came 
w the upperworld, went to the kivas, and 
ate corn pollen for iood, ‘Then they left 
the kivas and disappeared, 

“Hint Tige and A tratdens knew that 
they had only changed their appearance 
an were mm the ealled in the form of 
snakes. So le commanded his-penple to 

o into the valley and capture then, 
Evie then to the kivas and wash thes, 
and then dance with them, Four days 
were spent catthing them from the four 
quarters; then with solemn ¢eremony 
they were washed, and w hile the prayers 
were offered the sakes littened to them, 
20 that when at the close of the dance, 
where they danced with their human 
brotiers, they were taken back to the 
valley and released: they were then able 
to return to the onderworld and carry to 
the gods there the petitivns that their 


hora brothers lid uttered on the 
carih” 


This was the ongin ard meaning of 
the imique ceremony we were to witness. 
| was so interested m the legend that 
before | knew it the aound of a whirring 
noise made nie look up, adathen | saw 
that the sun was setting andl at last the 
time for the dance was core, 

The whirring notse became louder and 
around the cornerof the plaza apyprenred 
the priests of the Antelope clan, the 
luitvest priests. They were naked to the 
waist, aod were punted a warm red 


brown: from each shiulder and breast: 


ran a winte zigzag. line ta represent the 
to just above the knee: a gray fox shin 
hung behind, the tail almost touching the 


ground: teckiaces of silver and beads: 


were their oratmernts: The chief Ante- 
lope priest had in his hand’ a weird wind 


12% 


imitrument, which as he swung sounelee! 
like the angry, ssughmg wind of a storm- 
Many of the other priests carried rattles 
which made the said of falling ruin; 
athers hud ears of cor, or others hurvest 
eer iTolisnas. 

Suddenly my companion caught my 
arm att said, “Look!” Followirg his 
painting finger, | saw a privst ascending 
the Jadder deading frony the Snake hiv. 
He was covered with o long eat anal oe 
ried a great beg, the contents of which 
writhed ani wriggled, He came quickly 
into the plaza, deposited his bag of 
snakes wider the ftepec-like altar, and 
returned to the kiva. 

1 kept my eves glued to the ladder, 
for l-knew that the Snake priests had to 
came up that wey. and | was rewarded, 
for just as the rays of the setting sun 
struck the top rung of the ladder a wild 
figure emerge), dressed nore or Tess like 
the Antelope priests, tut with long, flow- 


ing hair, crowned with masses of feath- 


ers. As he reached the top of the ladder 
he took a handful of sacred meal from 
his pouch, and with a splendid free 
gesture he fling it, with up and out- 
stretched fom; towards the sinking sun 
amd for a second stood like a bronze 
atntve with arm uplifted as the meal, a 
tiny white ¢lond, floated downward over 
the edge of the mesa. Then he turned 
anil stepped into the narrow street and 
another took his place. and another, and 
another, intil all ha) left the kiva: then 
quictly and withett any hory they 
marched into the plaza and took their 
stimd just opposite the altar, Facing the 
Antelope priests. Then the chief prest 
af the village took some sacred meal and 
made a line with it between the Snake 
ard Antelope prcsts. 

Now the ceremony began, Crossing 
hands, they swayed from east to west 
with eves half ¢losed. After about 20 
of these motions they burst inte a deep 
yoited chant, stumping with the left foot 
upon the ground. Next they swayed 
from west ta cast and again gave voice 
to the queer, low chant. I got a little 
nearer and heard Uiat as they swayed 
they were praying tm low tones 
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THE SNAKE DANCE 


Liter a while same of the priests 
began to look bali hypnotized, and 
sane. with them eyes fixed and leads 
bent. The silener, except for the 
chanting, was getting on My Herves, 
i looked around and saw crowils of 
people, all silent; even our troopers 
Were quiet, Suddenly the sitiging 
stoppect and the Snake priests Stempel 
int tine, single file, cvily every other 
priest had his hand on the shoulder 
of the one in front of him and im 
the other hand carried a wand of 
exgle feathers, Four other Smike 
priests stationed themselves al the 
four pomts of the compass 

Then suddenly the “Antelope Clan” 
began another chant, louder and far 
wilder than hefore. They stood in 
front of the altar, swaying forwurds 
antl backwards, At about the second 
stanza the Snake priests bean to 
move: araund they went, aroutd the 
plaza, with a funny, high-stepping 
motion. As they passed the altar 
they paused. and stumped twree on 
3 beard that was over a hole in the 
proueil. 

1 asked my companion what it 
meant, anc he said that the Tlopis 
believe that that hole leads to the 
underworld and they are awakening 
the spints to, hear their prayers. 

The second time the priests passed 
the altar | saw them pause, but omly 
wher Clie had turned facmp me ] 
realized the horror, Ewery other 
man had a squinting live tittle 
snake in his mouth! The smikes 
were curling: themselves into all hinds 
of horrible shapes; and their evil heads 
went darting this way and that 

| saw one rattler strike a man just 
ander the car. He had to pull it loose, 
but took a fresh hold of the snake nearer 
its head and seemed none the worse 
for tt 

Now | ssw the reason for the second 
priests with the feather wands. Their 
duty was-to soothe the snake by stroking 
it with the feathers, and to guide the 
snake-carrying priest, who often looked 
as if he was ina trance: Cince around 
the plaza they would dance with their 
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“Tew aancine with o but] snake bigger than 
liimselt, and the fttle boy had to bald at wath both 


wre 


a8 with fis tect), to preveit it 
locke page 144). 


ghastly burden, and then, putting it down 
facing one of the four pomts of the 
CoM pass, they watt) leave i, going cr! 
to the altar for a fresh one, 

As soon as the snake was released, off 
it would elide, trying to get to the refuge 
of one of the houses, or into the crowd 
which surrounded the plaza like a living 
wall: but, before it could reach either, 
the priest stationed at that point would 
come belind it and stroke it with a 
feathered. wand similar to those of the 
yuiding priests. The snake would hiss 
and try to coil and strike, but the tick- 
ling of the feathers moitid make rt utt- 
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“Every other pres hae fie foal on the shoulder of the one in front: of hig, ane! in the 


n 
dther hand carried a wand of eagle feathers. Tlitr uuty wae te sooth the stake by strakmg 
it with firrahers, anal do gtrgle the etuuke-<itreliiy priest whe Olt lagked as rhe weem a 
trance, The tepee-lke albir and the great bag Walch contained) the- snakes are clearl; shown 
in the pugtyre, 
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After dancing once orened the plaza, the pricet places the snake on the ground and poce bo 
thy altar for oa fresh one (see page 137) 


THE 


coil; then, with a long swing ot the arm, 
the prcst would nick it up with abottt 
nS much oUncoNce4m as mest [re] He would 
mick wp a hope. 

Two of the Snake priests were litle 
boys wie were serving their mowitnte, 
snd wha could nol have beer more than 
eiht veors old. | sawoone of them 
dancing with a bull snake bigger than 
himeeli, anil the litth boy had to hold 
to with bath hands of well as wath, his 
tecth te prevent it from getting away. 

The chanting leche louder and 
louder, and on and on wert the priests 
until every snoke had been daneed with 

A group of Hopi maidens now entered 
the plaza. Theit harr was done in the 
ereat wheel-like, coils on either side of 
theit heads, to resemble the saash lilos- 
som, and they were dressed in theit very 
brightest arul best and carned ceremonial 
baskets filled with sacred meal, As they 
neared the altar the priests rushed for 


ward and thtew all the snakes: on the 
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ine of the four anake- priests who was sto 


sticoned to gather wp the arnokes that bad bees 
danced with (see page 150}, 
Erou nel fi al etc SAU reine fiass if 


their feet, and the maidens sprinkled the 
hidecus reptues with the meal 

Then, at a signal fromthe chief priest, 
the Snake priests bent down and each 
seized two laid ules of semkes; and turn: 
ing ran with incredible swiftness out of 
the plaza, same to the north, some sortth, 
samt eqst ancl west: We watched and 
fen Wh thern Tesh over hie theta aril (live vn] 
its almost perpendicular sides until they 
reached the desert. There with a prt 
ing message to their spirit brothers thes 
left them at the four points of the com- 
pass to go whither they would 

Then, mcunting the mesa once mre, 
the pricsts halted where some hollowedl- 


cut frocks had formed hasins and had 


enueht the rainwater There thes 
stripped and washed off the ceremonial 
paint. Then, ta my dismay, they drank 
anmething that proved to be a strong 
emetic. and for a few minutes: [ foun 
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TAMING THE WILD BLUEBERRY 


it best to look away and think of more 
pleasant things. At last their purinci- 
Hon was over and on they eatmne. Run- 
ting very swiltly, they yussed us ke a 
brawn flash, and then, with a last fare- 
well gesture to the now almost-vyattished 
sun, their Kiva swallowed them up and 
l realized the dince was-over. 

{ rode back to camp very silent, the 
whole thing leaving me rather dazed, it 
seemed so weird, so unreal; and yet the 
kriowledge that the dance was. the culmi- 
nation of 14 days of fasting and priyer. 
and the intense religious-attitude of both 
priests and people. impressed me More 
than T was willing to admit. 

llow was tt that 


the poison of the 
shakes had no effect on the dancers? 


137 


L asked many for the solution of this 
problem, and their answers were always 
the sastie, “We don't knew; all we know 
is, if any trader or sheep-herder is bitten 
by a rattler, if we can pet them to the 
Snake priests they are -always saved, 
The cure, whether drug, herb, or mean- 
tation, is kept secret, and the Snuke clan 
emit it as a sacreil trust, never to be 
divulged ander any conditions.” 

lt was with real regret we broke camp 
next day, anil, as we tle across the 
desert, for several hours I kept looking 
buck at the mesa and the Tittle Hojn 
town, clothed in a dignity of its own, 
holding the faith of its forefathers un- 
changed, unmoved by the centuries of 
civilization, 


TAMING THE WILD BLUEBERRY 


By Freprrick V. Covrie 


Ag the result of Mr, Coville s ex] eriments with blueberries, oe tery probable 


that in a few years Wucherries wil 
sively and prontably as the cranberry. 
in many parte of be 
cranberry. fast wear, for instance, 


ie ciliated int the Uitlted States ag écien- 
| A dw dlweberrics nom used ore picked 
itl, just ay were afl the cranberries nol so very Many vears ogc. 
United States now make goad tnvonies by cultivating Hee 
the cranberry crop amounted to ufo one 


milion ond a half bushels, worth three wniltion dollars. Readers of this Magazine 


derstrisi further Information on the cultimatin 
paper ities in Bineborry Culture,” by 
c 


by f Cntted States Departmen! op lyrt 
of Plant. Industry. 


Hi “taming of the wild biue- 

berry” has invelyed the pulrstait 

of a strange and often dit trail 
of scientific search, in the following, oT 
which a curious chapter has heen added 
to the ever-increasing: Book of Marvels 
in which our knowledge of the founda- 
tions of agriculture is recordel. 

The aume blueberry is applied m New 
England to plants of the genus Vucer 
hime. which have seeds so small as to be 
unnoticealle when the berry 1s eaten. 
while the name huckleberry is usually 
restricted) by New Englanders to the 
genus Gaylussacia, in which each seed is 
surrounded by a bony covering like a 
minute peach pit, which crackles between 
the ce 


of iluoherries are referred. to 


Frederick V.Coville, tecently frlelis fied 
culture us Bulletin No, tos of the ourecit 


In the South and West, however, the 
tiame lruckleberry is applied with little 
discrimimation to the various wild species 
of both Jacciniw aml Caoylisyacta, 
about goin number. This article deals 
principally with the swimp or highbush 
blueberry, Maceintunt corybogum, which 
commonly grows ftom 4 to 7 feet high, 


and produces berries in abundance and 


of especially goon favor. 

The wild blueberries ate everywhere 
titilized for pies and jam and the well- 
beloved blueberry cake and blucherry 
pudding, An accurate valuation of the 
wild blieherry crop has never been mare, 
but it undeubtedly reaches millions of 
dollars annually. In blueberry districts 
the yearly shipments from single small 
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A CLUSTER OF BLUEDENEY 
(NATUMAL, -3tZE) 


towns often bring ten, or twenty, or even 
thirty thousand dollars, and in Northern 
cities, as for example Boston, New York, 
Detroit, and Chicago, the annual con- 
SUMption 1 enormous. 

Many attempts have been made to cul: 
tivate the blucherry for its fruit: but, 
when given the care, protection, and 
twunshment that man has four neces- 
sary for the ordinary plants of agricti- 
ture, the blueberry sickens and dies. The 
belief ic prevalent among farmers that 
it is impossible to transplant the wild 
blueberry successfully, And it really is 
impossible if, as tsunlly happens, the 
panting ts done in the smil of a fertile 
gFarden. 

What the blucherty demands is acidity. 
Tn-a soi) so acid that ordinary plants die 
of poison and starvation, the blueberry 
thrives, luxuriating in flower and foliage 
and fruit, That a plant should prow 
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better in an acid soil than in-a fertile one 
is contrary to what has been regarded as 
one of the fundamental principles of 
apriculture. 

Ordinary agricultural plants ‘absorb 
their nitrogen from the soil in the form 
of mtrmites. From the cumulative re- 
searches of a group of scientists whe 
have exhaustively studied the question 
for a generation. it has-been established 
that the production of nitrates in the 
soil is brought about by certain miero- 
orminisms known as nitrifving bacteria ; 
and, furthermore, that the ability of 
these bacterin to manufacture nitrates is 
destroyed by acility, Growing as it does 
invanacil scl, the bineberry is therefore 
squarely up against the question how tt 
shall get its-nitrogen. To the individuals 
of the plant world the nitrogen problem 
brings about the same tragic situations os 
does the bread problem to the human race. 


FLANTS THAT TRAD [NSECTS Foe Fue 


Cine proup of mod-soil denizens, the 
insectivarous plants, has aolyer the m- 
trogen) question in a singularly direct 
way, They entrap insects and. digest 
and absorb thetr mutritive parte. Of 
such habits among our native plants are 
the sundews (Dresera), the pitcher 
jilants (Serracess), the blacddervorts 
(Utmeculona), the butterworts (/insias- 
‘ilt), and the Venus" flytrap (Omnara). 

Another method of getting. mtrogen 
in acid ecils is represented! by the Euro- 
pean lupin, These plants have on their 
moos Tiving tubercles within which prow 
certain bacterm. It has licen found to 
be the function of these bacterin to take 
the nitrogen of the atmosphere and oon- 
vert it into some chemical combination 
in which the lip plant can use it. The 
very Similar tubercle bacteria of ithe 
roots Of clover and other cultivated legu- 
minus plants have been much studied tn 
the last ao years, and the fact of the 
fixation of atmosphere nitragen by them 
has been fully established and is every- 
where recognized in agricultural prac- 
tice. The blueberry gets its nitrogen by 
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4 THHEE-VEAR-OLD BLEEDERRY LAST LN DLO 


neither insect trap nor root bacteria 
The microscopical examination of the 
lant, hwever, disclosed the presence ot 
a fungus growing partly outside and 
partly inside the epidermal cells of the 


root, The fungus is exceedingly minute, 
the threads of which it 15 composed hay- 
ing a diameter of o.00000 to 0.00012 of 
an inch: ‘The Tongus occurs in great 
abundance on the foots of vigorous 
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plunts, The.cells in which it 15° found 
are not swollen mor. distorted, nor do 
their contents collapse or show any of 
the other effects usually produced by 
injurious fung. There is no ideation 
that the fungus is in any way obnoxious 


t the plant. On the ountrary, the uni- 


formity with which it has been found to 
occur on Healthy plants and its frequent 
absence or scarcity on sickly plants are 
ui once suggestive cf a mutually bene- 
ficial relationship. 

lt is well known that fungi’ ditler 
from the higher plants in being able to 
inke their requires) nitrogen directly 
from ofganie nitrogen compounds. They 
ilo not require that the nitrogen they 
corse shall be in the form of mitrates. 
Fungi are particularly abundant im the 
decaying yegetable matter forming the 


leaf litter of a terest, though this litter: 


may be distinetly acid in’ its- chemical 
reaction. lodeed, they grow luxuriamtly 
on vegetable remains cortaining ne m- 
trates aml of such-acudity that the con- 
version, of humus nitrogen ito mMtrates 
by means of bacteria cannot take place- 

As o reasonable explanation of the 
ahenomenn presented in the peculiar lite 
listory of the. blueberry, the conclusion 
has: been reached that the root fungus 
cxtmets nitrogenens food from the non 
nitthwd acd organic matter with which 
it comes In conte! and changes i inte 
anime chemical form im which the blae- 
berry plant can make tse of it. Such a 
transformation i analogous to that a+ 
ready well knewn to oecur in the root 
tubercles of leguminous plants. It 1s 
quite within the range of possibility that 
niveurhizas, as these structures are called, 
consisting of a root snd its symbietic 
fungus, will ultimately be proved to 
have a very high place in agriculttire as 
tittagen purvevors, second only in im- 
rors ce to these same leguminous tuber- 
Chea. 


RLWEERERRIES TITRIVE ONLY TN VERY ACID 
SoH. 


The writers experiments with bhie- 
berries, which extended over a pend 
of four years, covered ti great diversity 
of soil mixttitres. nutrient solutions, meth- 


vids Of potting, amount of shade, and 
day and might temperatires, Glass pots 
were much use, te tacthinte the stad 
af the roots, A hole was bored im the 
bottom to give the necessary dranmge, 
and the glass wus darkened ly a remov- 
able enft cf opaque gray blotting paper 


The use of these glass pots resulted in 


an intimate knowledge of the behavior 
of blueberry roots under different soil 
conditions, which could) not have been 
secured an any other way and which 
was es¢ential to the correct interpreta- 
tion of the experiments. 

In a rich garden soil in which alfalia 
seedlings and rose-cultings grew lwxuti- 
antly the blueberry plants stagnated, but 
m ant achi soil the blueberries becante 
large and vigorous, while roses ancl al- 
falfa sturved and ced, Alfalfa t ex- 
ccedingly sensitive to acidity and cannot 
be grown with success in soils that have 
not a somewhat alkaline reaction, When 
grown in the humid eastern United 
States, alialia is- rarely successful, ex- 


cent on calearecns soils, unless the nati- 


ral acidity of the soil kas been neotral- 
ized by suitable applications of ‘lime. 
Heavy mamtring, also, is injurious to 
the blueberry, Six blueherry seedlings 
were trinsplanted into glass pots in a 
good blueberry suil, and six more secid- 
lings were potted in the same manner, 
except that to each two parts of blue- 
berry soil one part of well-rotted cow 
manure was added. At first the manured 
plants appeared, superficially, to be doing 
better than those not manured, for in the 
former the production of new leaves and 
the contiimed growth of the stem were 
not interrupted by the potting, while in 
the plants pat manured there wis a tem- 
porary Lat defitite stoppage of stem 
rrowith immediately after the potting 
The apparent superiority of griwth in 
the manured plants, ibeve ground, con- 
Hnued fier about three weeks. Below 
pron, however, the roots of the two 
coltures showed directly opposite results, 
Tr tle plants without manure, new toot 
growth began a few days aller potting. 
At the end of three weeks the develop- 
ment of an extensive root system was 
well ynder way and the plants were 
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ready fora period of vigorous stem growth. in the manured 
plants, however, either no mew toot growth Took place or only 
a slight amount. ‘The old rootlets turned brown and appeared 
to he dead or-dying. At the endoof five weeks the growth of 
the tops was very slow. About ten (lays afterward, «ha 
bright, warm day, the lower leaves on three plants withered, 
amd within a few weeks all six of the manured plants were 
cecil. 7 

Except in acid soils the roots of the blueberry ure sulject 
to decay, their whole actin indicating that the roving is caused 
or aided liv injurious bacteria and y ery In -gomd blueberry 
soils, however, these organisms are apparently killed or held 
in check by the acids that exist aatueally i stitch soils. 


EXPERIMENTS WITH LIATE 


Although the application of lime to ardinury agricultural 
crops has wsually a marked beneficial influence, the thorouglt 
liming of a good blaeberry sei was found to hive a very. in- 
juris effect ont bhacberry plants. similar to heavy mnpuring. 
In the course of these experiments with lime a remarkable 
thenomennn was produced, which, though having no ipo 
fone bearing on blueberty culture. is of very great siguihcance 
to agriculture in-general, 7 

From some imperfert exrly experiments with Time the writer 
had crroneousty concluded that the blueberry was so exceed- 
ingly sensitive to lime that the slightest admixture of it in the 
antl would be immediately fatal to a bhoeberry plant. Later 
experiments showed that lime was injnrimus to the blucherry 
only when insufficient amount to netttralize the acility of the 
sail, one per cent usnally being adequate. Dut, before these 
later experiments had heen made, and while still laboring nnder 
a0 erroncous conception of the supersensitivencss of the bine- 
berry plant t lime, the writer, desiring 
to produce fresh examples of this phe: 
nomenon, placed a very ential! ipmantity— 
a few milligrans—of airsiaked Time on 
the surfoce of the sii} in each of three 
z-ineh pots containing a-amall blueberry 
plant, Noeffect was produced, wither at 
first or for several weeks, 

A large surface application of carbon- 
ate of line was then made to the same 
three plants, a gram te each pot, and the 
lime was washed down with water. The 
expected, collapee did not cccur, The 
limed plants continued to prow as haxu- 
riantly a4 their unlined neighbors. The 
conclusion was reached that the reason 
why the growth of the plants had net 
heen affected was. because the lime had —— 
not penetrated sifficiently into the ceil, 


was therefore determined upon. half natural size.) 





. Bluclierry secclbing. 7 
Anather and more (drastic experiment HcW ‘garden anal (Cine. 
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Six seedling blueberry plants in 4-inch 
pots contiining 4 good acu blueberry 
soil were set apart from their fellows 
and watered exclusively with ordinary 
lime-water. The applicatians were of 
such an amount that the sei im. the pot 
was: thoroughly wetted each time, and 
wstally 9 small excess quantity ran 
through the hole in the bottom of the 


. 

Por more than seven months these 
pots received mi other water than lime- 
water. During this perio) the plants 
continued to grow in a normal manner, 
their average height increasing from 4}4 
to tg inches, The lime appeared to have 
ne deterrent ¢cffect whatever on the 
prowth of the plants. An anaivsis of 
the soil in one of the pots showed that 
it contaited over 8 per cent of lime, oF 
the equivaient of an application of 25 
tons per acre, an enormously excessive 
amcuunt from the standpomt of agricul: 
titra) usape. 

The blueberry phints. ought to have 
been dead long before. AS a matter of 
fact they were making excellent growth, 
A careful examimtion of the contents 
of one of the pots was then made, The 
surface of the soi) was found to be 
covered with a hard gray crust oF Time, 
Immediately underneath for a depth of 
shout hatt an ine the seal was black and 
contained no live blicherry roots, 
neath this the peaty senl was dark brown 
and filled with growing, healthy roots. 
The hime: appeared to haye penetrated 
only inte. the superficial portions of the 
sci, <A chemical test confirmed! this, 
showing that the black, rootless upper 
layer was densely inipregnated with lime, 
while’ the brown, peaty portion cortain- 
ing the growing roots shill gave the act 


renetion that was characteristic af the 


whole potful of soil before the ime- 
water applications began, 

Since all the water that the limeless, 
reot-bearing portion of the «oil had 
received during the preceding seven 
months had come from the lime-water 
applications, it was-evident that the hime 
contained in) the lime-water had been 


deposited in the tipper half inch of the 


sai, The following laboratory experi- 
ment confirmed this: A 2-inch glass pot 
wis filled to the depth of three-fourths 
af anvinch wath the acid uplaril peat used 
in growing blueberries, The peat was 
slightly moist nnd of rather fine texture, 
having been robbed through an emhth- 
inch ‘sieve. ‘Then ordinary lime-water 
réddoned by the addinon of pherol- 
phthalein—a substance giving a delicate 
eglor test for alkalies such a3 litve—was 
poured upon the soil The excess water 
that filtered through the soil and came 
out of the hole m the batiom of the pat 
was Wholly devoid of red color and. 
when submitted to a further chemical 
test, showed not a trace of lime. The 
precipitation of the lime by the:soil had 
heen not only complete but practically 
instantaneous. Only 15 seconds had 
elgpsed between the time when the lime- 
water Was added to the soil and the time 
when the liquid, entirely free from lime, 
began te drop from the pot. 

hit expenment has a very important 
bearing on the method of applying lime 
to acid soils in ordinary agricultural 
practice. A surface application of time 
would have no | aaa effect In new- 
tralizing the acidity of a soil unless the 
soil Were so sandy, or gravelly, or other- 
wise open that the rain-water contam- 
ing the dissolved bine could nian dawn 
through it practically without obstruc: 
fiom. /\ surtace dressing of inme would 
hve litte effect in neutralizmg the acidd- 
itv of an oll meadow or pasture, To 
secure full action of the lime, as now 
generally reeegnized in the best agrtcul- 
tural practice, requires its intimate mix- 
ing with the soil, such as is aceomplished 
by thorough harrowing, especially after 
putting the lime beneath the surface with 
a drill, 


WHERE To LOOK Fok WLWUEBRMETES 


The favorite type of acid sol for the 
swamp blicberry is peat. The peat 
chielly used im the expenments was tot, 
however, a bog peat, but an upland peat 
formed of a half decomposed mass of 
mixed leaves of ocak and laurel (A-alinie 
latifolia). This accumulates for years 


Li 


in thickets of laurel, if fire is kept out, 
making a layer often 2 to 6 inches th 
thickness, the lower porkiins matted te- 
gether by the fine, imterlacing. surface 
roots of the onk trees and laure! bushes. 

When the leaves of trees are piled 
together aud leit to rot they gradually 
¢thonge, in from twooto five years, from 
their imitil state of pronounced aculity 
nod brown colerto a blaech, mellow, nen 
acted mold ino which all trices of leal 
structure have disappeared, Through a 
similar but mere rapid process of de 
composition pass the fallen leaves ofa 
forest when underlain bya sail which is 
rich in hme or ier any other reasen bs 
an alkaline reaction. Such d black mold 
occurs In the nch woods in which tril- 
lium. spring beanty, blocl-rowt, and ery- 
throniium delight te grow. This sail ts 
non-ack) and tertic. and ordinary agri- 
enltural plants grow luxuriantly in it. 

When, however, a forest is utvlerlain 
by a sandy or granitic sod, in which 
there is not sufficient lime of equivalerit 
substance to fentralize promptly the 
acidity of the decaying leaves, the nor- 
nial progress, of levornposition  layrs. 
Appurently the aiero-organismea which 
cause the rotting of the leaves are not 
oble to do thelr work so efficently while 
the leaves remain acd, and when the 
next year's feaf-fall occurs they are del- 
uged with new leachings of acidity. A 
permanently acd condition of the leaf 
litter is this established, stich as prevails 
In Varions types of forest Such ach] 
lands hove o° flora of their own—such 
jlithis as trailing arlutus, Jaurel, the 
azaleas, wintetgreen, titteberries, huckle- 
berries, the purple lady's. slipper, and 
many others. 

Thos it is that the swamp blieherry 
eceurs not only on sphagnum-cushioned 
hommocks of peat in hegs, but on sandy 
uplands i upland leaf peat Wher 
found) in such places the plant commonly 
hears another nanie—the highbush blue- 
herry. The essential feature of similarity 
™m the two «itwatiorts is their acidity and 
wherever the plant goes it. follows an 
act scott 

The geographic distribution of blie- 
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bermes, huckleberries, and their relatives 
indicites, their adherence to ‘naturally 
geil soils. They oceur in abundanee 
from Maine to Flerija in the sandy 
coastal plain, the prevailingly acid char- 
acter Of which is tow well known 
through the conclusive experiments of 
Dr. iL J, Wheeler, of the Rhode Ishand 
Agricultural Experiment Station. They 
eceur generally through the egal, Hum 
hill-lands af New Englani, the acidity 
OF which s notonietsa. They oeenr in 
suvly pime barrens and peat bogs 
throughout the eastern United States, 
both of which are acid. They are ab- 
sent, on the contrary, from limestone 
soils, rich button lands, and rich woods 
where the sotls ore neutral or alkalme. 
In the lower elevations.of the whole sub- 
arid West, where acid sons are almost 
unknown, these plants: do not occur. 
Within reach of the fogs and heavy rain- 
fall of the Pacific opast, or on the higher 
mountains of the interior, where condi- 
tions favor the deyelopanent of acid soils, 
bliucherties occur again in characteristic 
ahundance, . 


CULTIVATING BLUEEEHMIES 15 EVIDENTLY 
VERY PROFITABLE 


The experitients in field culture, as 
distingnished from the experiments with 
sotted plants, have been in progress. for 
fita short time, and only alter the lapse 
of several years can definite statistics of 
vield, cost, anil profits be given. The 
preliminary announcement of these ex- 
periments, hawever, has brought out 
Ue VEry initencsting. hit at information, 
nately, that a 5-acre bog near Elkhart, 
Indiana, set with wild blueberry bushes 
fbowt 20 years ago has for muny years 
produced large crops of berries, the ares 
yielding in some years a clear profit of 
inere than S100 an are, The ‘berries 
are sold ot 15 to 18 cents a quart, and 5 
cents a quart is pauil for picking 

This is the only instunce known to the 
whiter in which the cultivation of the 
blueberry has heretofore been attempted 
cn an acreage scale, Without further 
expericnte tts aopossible to say whether 
this yield is larger or smaller than may 
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BLUENERRIES GROWN IN A GREENHOUSE ( NATURAL SIZE] 


reasonably be expected of a bhloeherry 
area, under good management. [tis of 
some steniticunce, however, that acoorid- 
ing io the reported yield the bushes m 
the Elkhart bop, Which are set G by 6 
foot, averape about a quart of berries 
each in a pend year. while in almost any 
rool blueberry pasture in New Ingelanil 
excemiional walt] birshes may be found 
that produce trom 4 to G quarts of ber- 
rics cach. It i to the selection. and 
propagation of such productive plants 
with large, attractive, and fine-avored 
berries that experimental culture should 
devete ttisclt. “The propagation of bushes 
with berries over half an toch in chme- 
ter 1s already actually in progress, 


The only fro the eultere of which 
liens met miemblante to that of the 
blochery is the cranberry. The two 


plants are closely related botanically; 


they both require an acid soil, and they 
both have aonryoorhizal fiagus ce tear 
Toots: essentinl apparently to thetr suc- 
cessful culture, (Cranberry-prowime 16 
a highly specithved and profitable in- 
distiy, the development of which lias 
required nearly il Cerury qt CA PCCueH 
tithon. Ltr aniv withm the last few 
years that any really scientific attention 
has been paul to cranberry culture, the 
development of the mualustry hayiiy been 
recomplished by commercal growers 
Progress in learning to handle the plant 
has therefore heen slow and costly, but 
hirhly practical, aid cranberry culture 
has much of expertenice to after, by wits 
of sugvestion, to blucherty culture. 

In preparing a bog. for cranberry- 
growing the water level as lowered at 
least a- foot below the surface be dich 
mp: then a few inches of the top sol 





1th 


are removed by a process. known as 
“turfing,” which carries away. all the 
nitive vegetation, and the naked peat is 
anoathed and covered with a few imnehes 
of cleant sand. In this the cranberry 
plants are set, ‘The provision of ponds 
or reservoirs tu permit the mapid flooding 
of the bog carmpletes the imitial equip- 
ment. Such treatient of lant 1 ex- 
pensive when well done, costing perhaps 
Syooanacre. Dut a first-class cranberry 
bog in full bearing is often valned at 
$1,000 an acre, antl each acre may be 
expected to produce a gross revenue of 
S3IQ9 per year, Sometites twice that 
aLIThOUrit, 

A bow thus prepared promises to be an 
wWical situation for the swamp blueberry. 
Whether the profits would warrant the 
expenditure of so much money femain 
to be seen; but the expense may be te- 
duced to a minimum by cutting out the 
turing, sandmg, and reservorr lnlding, 
the blueberry plants being merely set mn 
lioles dug in the bog, aiter drainage, at 
intervals of about § feet each way. 

Annther sort of atlantic that gives 
experimental promise is a Sindy, well- 
drained, but permanently motst upland 
POSSESsIng it fistinetly acid gail. The 
plants showll be set in trenches Or sepa- 
rate bales filled with peat to the depth 
of about a foot. ‘The surface should be 
well mulehed with leaves or clean sand, 
und a deep mulch of leaves; preferably 
oak, should he adder each vear. The 
excavations should provide ample Sphice 
for new growth of the travis, not less 
than a foot each way from the surface 
af the old reot-ball. 

The peat used may be taken from the 
surface of a boy cemtaining plants of 
the heather of blueberry family. or it 
may be an upland peat, such as that de- 
scribed on page ta. In either cuse it 
should be gathered, piled, and rotted for 
seVeral months before meiny. 

The soil m which the holes or trenches 
are made: should be such os: will give 
pool driinage, the ideal condition of the 
pent about the moots of the plant during 
the growmg season being one of con- 
tinued moisture, but with all the free 


give a definite answer, 
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walter craing away teadily so that 
thorough aération of the mass of peat 
is assured 

To secure a stock of blueberry plants, 
the simplest method is to tratisplant wild 
bushes in eatly spring, before: the buds 
hive begun te push, The roots usually 
he within the upper © inches of the soul. 
A disk of this root-and soil mat as large 


as practicable should be taken wp with 


the bush. 

If the experimenter has-a greenhouse 
at his dispusal he can raise seedlings, 
which will be ready for field-planting in 
the-spring- of their second year. 

Seedling bushes are unsatisfactory in 
one respect! They are nwt exactly like 
the parent. The seedlings from a Rese 
berried bush do not all bear large berries. 
Selected forms of special merit have 
been propagated by bidding and by 
eralting, just as our highly developed 
variclies of apples are perpetuated ; but 
in the blueberry the stock 1s continually 
setuling up new shoots from points below 
the graft. As blacherry culture develops 
it will undoubtedly become the practice 
to propagate the best varieties by laver- 


ing or by cuttings, as has already iwen 


dane, for by these methods the whole 
plant body, iricluding the roots, is of the 
Variety desired, and alien shoots can 
never be produced, 
HU SES MANY VEARS 
As to the time required for a. blue- 
berry seedling or cutting to come into 
profitable bearing, experience cannot yet 
‘Fhev shold 
hear a few berries the seoori atid thera 
years. It & believed they will bear 
profitable crops, under proper culture, in 
§ to 10 years, They ought to remain in 
bearing for a long time. [n some jn- 
stinces wild bushes undowhtedly live, in 
favorable situations, fur so to too years. 
They are enabled to reach such an 


HLUEBERRY LIVE 


age be conbintl repuverescence thre rugth 


their habit of sending ay few. stems 
from the root to replace old and dying 
anes. These who are curious to know 
how large an old blueberry hesh may 
hecome should read ‘Thoredu’s descrip- 
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tion at one in his: Winter Journal, under 
date of December 24, 1859." 

One imteresting feature of blueberry 
culture is the cheapness of the lands on 
which they thrive best. bog lands and 
sandy lands well suited io the bineberry 
can be bought in many ports of New 
England for S$) to -Ss an acre, and this 


* December 24, 1350, — . . | megsure the 
blueberry bosh on Folrhavin Por! laland. 
The five stevie are imited at the ground, a0 a4 
to make one round and polid trunk thirty-one 
miches te cremmfcreme, bot probably they have 
growl bogether there, tor they hese sepprale 
at abont «ix inches abiwe, They may have 
sprung frog defurent seeds of atte berry. At 
three feet from the grotind they measure 
Hoven, dieven, leven aod one-hali, eight, and 
six anil cre-holf er on in averige time anil 
ane-Half inches, L elimbed op and found a 
comfortalile seat, with ovy feet four feet from 
the ground. There wie rotin for theee ior four 
more there, Init onfortunately this was tot the 
season for berries. There were acyeral opher 
clumps-of lhtge ones in the netghborhised. 

e ¢lump close ly othe ‘former cotttained 
twenty-three steme within a diameter of three 
feet, and thei averige diinicter ot three feet 
from the growl was about two inches, These 
had!) not been cut because they stood on this 
arial] bland which has litth woel heslde, ond 
therefore had grows thus lates. . . 


“The stems mse up in a winding and eigen 


THNNer, One sometinics resting in the forks of 
its nejehiper, jatithe frotit these whose tite 
DT have counted, the largest of those stheme-miist 
be abot sixty vears oll—Branr, H. G. ©, 
tedttor). Winters From the inital of Henry 
DD, Thoreau, r-17. Sah, 
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because the very reason that makes them 
good for binebermes—therr acidity—hias 
made them sth worthless for ordi: 
nary apricultural puirpkeses. 

ete ceatter wal ask. “Tho you advise 
me to go into blueberry culture?” My 
reply is, the industry is so new and 30 
minty unforeseen difficulties are bound to 
arise thit, until the details of suceessful 
held management have been wiirked owt, 
blueberry-growing is not recommended 
as an industry to any one who cannot 
afford to lose beth the tune cine the 
money he my putt into tt. (in the other 
hand, if one does sueceed in carrying the 
thing through successfully, he may e¢x- 
pect good returns from his venture, for 
the Elkhurt farmer, while apologizing 
for tis poor blucherry crop of rota, 
which was “almist 4 total failure” on 
account of the late spring freezes, savs 
nevertheless. that he got 05 Tirana 
erates of berries, which he sold at an 
ayetage price of $2.75 a crate—an item 


of 3178.75 from an otherwise useless. 


s-acte bog. 

T remarked to a friend that blueberry 
culture promised to be comparable in 
many respects with cranberry culture, 
He quite outran the iden that was in mv 
mind by replying, “Why; it-hos the cran- 
berty beaten. You cun’t use cranberries. 


without buying a turkey to eat with 
them.” 





THE PANAMA CANAL~* 


By Cotonet Georce W. Goetnans, Cuizt ENGINEER OF THE 
Panama CANAL 


disposal to enter upon a description 
cof the explorations and investiga- 


I: is not possible in the time at our 
tions which were made of various Toutes 


proposed for a canal joining the two 


Oceans, HOF cath an account be taken of 
the considerations which resulted in the 
United States finally adopting the Pan- 
fina route, Suffice it to say that tider 
the Spocner: Act, sf ere June 2%, 
1g02, the President of the Lritecl States 
sectited the necessary concession from 
the Kepablic of Panama, purchased the 
rights and property of the New French 
Canal Company, ate wndertook the con- 
struction of the canal on May 4, ou. 
The isthmus of Panama rims nearly 
gust and west, ar the catal traverses it 
irom Colon on the north to Panoma on 
the aquth, in a generil direction from 


northwest to southeast, the Puiciie terme 


nus: being 22 miles east of the Atlantic 
eritrance, 


TURKES TIAL FLOORS OF THE CALAGIIES 
Te VT 


The ‘eresatest difitculty of the Panama 
route ts the control of disposition of the 
Chagres Kiver and its tolutorics, The 
Chogres Niver rises m the San Blas 
Mountains and drains a busin of 1,320 
Suite tiles, about half of which. is 
ative the mouth of the Obispa River. 
lts course is generally parallel to the 
Caribbean const line so far as the mouth 
of the Obispo, where it turns almost at 
Heht angeles te the westwirl, pursuing 
this general course to Tabernilla, whence 
jt traverses-a tortuqus channel in a gen- 
eral northwesterly direction and enters 
the Canbbean Sea to the west of Limon 
bay, 

The general elevation of the valley is 
but ithe above sea-level to Mohio, where 
the low-water surface of the Chogres 1s 
one foot above mein tide, At the mouth 


of the Obispo, 13 miles from: Dehia, the 
low-water surface is 48 feet above, and 
at Alhajuela, 01 miles farther, it 1 45 
feet above the same datum. Above bin- 
hia the Chagres Valley is undulating, the 
hills becaming higher and steeper as the 
river is ascended, capsing very rapid’ 
run-att of the Tams, amounting ty 100 
inches and over in eight of nine months, 
the average duration of the wet season. 

The masxtmam observed rainfall ts 
5.86 mches in one hour: the greatest 
recorded change in the river at Gamboa 
is a rise of 25.0 feet in of tours, [ts 
discharge at the beginning of the rise 
was 8.200 cubic feet per second, mecreas- 
Ing to qo,ooo cubic feet per second at the 
penk of the food. The excessive raim- 
fall and preesuiteus character of the hulls 
enclosing the valley make tt 4 tetrential 
stream. The bars formed during floods 
differ materially, and are of sand, gravel, 
pebbles, atid rotiunhedd stones three inches 
to six Inches tn diameter. The sand and 
clay deposits are useful in giving suitable 
Miaterial for the impervious portion of 
the dams, while the gravel beds furitish 
haliast for the tailtoad and for other 
purposes. 

The Chagres River hos 2f totwtories 
between Bos Cyhispa and Gatun, the 
largest of which are the Cautun andl “Prini- 
dad tivers, the former entering from the: 
east with a dminage basin of about 16o 
sguare miles, and the latter from the 
west. draining an areas of abit goo 
square tiles. [Exch rises tn the same 
character of country as the Chagres, und 
though with smaller drainage areas, they 
are of the same torrential chameter tind 
must be teckoned with in the general 
question of the control of the Chaeres 
and its tribaiaries. 

Various methods for the disposition 
or contral of the Chagres have received 
consideration, The first French com- 


=An address to the National Geographic Soviety, February 10, 19!1, 
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Miny, in it attempt to cut a sea-level 
canal, found i neeessary to provide th- 
version. channels: to care for the water 
of the rivers: The New Punarmia Carnal 
Company adopted the plan of a daim 
across the river villey at Bolo, creating 
a lake above this point and dischatging 
the flood waters to the level below by 
means of a spillway in the adjacent bulls, 
The canal which the President was au- 
thorized to constrict by the provisions 
of the Spooner Act was the lock type 
recommended by the first Isthmian Conal 
Commission in its report submitted No- 
yemmber 16, tgo1. This plan also pro- 
vided a lake for controlling the Chagres 
by a dam ot ohio, following along the 
plans of the New Panama Canal Com- 
pany, thereby utiizing to the fullest 
extent the work already accomplished. 

Early in the progress of the work the 
cunstruction cf a sea-level cannl was ngi- 
tated; this is undoubtedly the ideal canal, 
It took such a hold ot the public mind 
that, in consideration of the international 
importance af the work, the Mresiudent 
convened a Board of Consulting Engi- 
neers to corsider and report upon the 
type of canal which should be adopted, 
This Board consisted of t4% members— 
five representatives of European coun- 
iries and eteht Amertcains—and assem- 
bled m. Washington in June, 1905. The 
minornty of this Board—fve in number— 
reported in fayor of the lock type for 
the reasons that such a canal would pre 
vide greater safety for ships and less 
danger of interruption to trafic by rea- 
son of ite wirler, straighter, and deeper 
channels, as well as quicker passage for 
large ships; the other considerations 
were that such a canal could be beilt in 
less time and for less money, 

In forwarding the report of this Board 
Li Congress, a Febroary It}, rows, the 
President stated: “The Jaw now on our 
statute books seems io ontitempiate a 
lock canal, Inomy judgment a lick canal 
as herein reconmnended is advisoble.” 
On June 2g, roo, the Congress author- 
ized the construction of the lock type of 
canal, in accordance with the general 
plans of the minority of the Board, and 
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THE CESTOMARY LABOURER S-3DES=. WEPORE AMERICAN CONTHIN. 


the work has since been carried on along 
these lines. 

This. conchision was not penerally nic'- 
cepted as -sutisfactory ;. the pian. was 
ara Virarousiy attacked after the set- 
Hlempent at! slip in a part Of one of the 
toes of the Gatun Jam in the latter 
part of 1908, and the “Battle of the 





Levels continued well into 1909, mot- 
withstanding the fact thar the then 


President-elect, with a party of emment 
Cie weers, aiter a pers tial itispection of 
the work advocated no change. 


WiSnOA OF CMAICE OF LOCK CANAL NCAY 


WESERALLY ACH NOW LEGER 


since then, a= the work. has advanced, 
the wisdom of the choice is clearly 
shown ati there is co doubt as to the 
ultimate suceess of the project. Devel- 
epments within the list wear tn the form 
of slides have brought more prominently 
to the front the excellence of the judg- 
ment which seeepte! the minority plan 
in let of the sea-ievel plan as advocated 
by the majority, and show more clearly 


the-ereater difficulties that would be en- 
countered in an attempt to cunstruct a 
sea-level canal. 

An English sciertist, who has kept in 
close touch with the work since the 
Americans took charge, and who-at first 
wat skheptital a6 to the Gatun Dam, sail, 
after a recent visit, that he was con- 
verted to the present plon becaise it & 
nit a ‘dam at all that 1 building, hut a 
veritable hill, He alse thoweht that the 
expresse| opinion of the Board of ‘Con- 
sulting bnginkers with reference to the 
Gatun Dunit, namely, “that ne such wast 
and doubtful experiment should he in- 
dilged in,” was now applicable to Cule- 
bra Cot. There are prolably come who 
still believe a wrone chotce wos made. 
but a visit to the Tsthmus is a stire cure 
for such cases, provided always that 
they are open to conviction, 

Tn the present plan the control of the 
Chartres is also effected bya take, but 





reater m extent, becanse the dam ts Ie 


cated at Gatun instead of Bohia, This 
solution was first proposed by Godin de 
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THE PANAMA CANAL 


Lépinay, a French engineer, who, in an 
exhaustive paper on the subject, pre- 
pured for the Congress oi Engineers in 
Paris in. 1879, advocated the construc: 
tion of a lock canal with a dam at Gatun 
in lieu of a sea-level canal, The reasons 
which he advanced at that time were to 
the effect that such a canal could be 
lit for less money, m less time, and 
with less sacrifice of life. 

THE PRINCIPAL FEATURES OF THR CANAL 

The canal which 1 now brilding con- 
arts. Of a sea-level entrance channel 
From the sea throueh Limon Ikay to 
Gatun, about sever miles long, 500° fert 
bottom width, aml 44 feet deep at mean 
tide. At Gatun the B§-foot fake level is 
obtained by a dam across the valley. 
The take is confined on the Pacihe side 
by a dam between the hills at Pedro 
Miguel, 42 miles away, The lake thus 
formed will have an arca of 164 square 
miles and a channel depth of not less 
than 45 ieet at normal stage. 

At Gatun ships will pass from the sea 
to the lake level, and t4ce versa, ly three 
locks in flighe, On the Poeific side there 
will be one lift of 30 feet at Pedro 
Miguel to a small lake held at 55 feet 
above sea level Ly dams at Miraffores, 
where two lifts overcome the difference 
of level to the sea, The channel between 
the locks an the Pacific side will be goo 
fret wide at the bottum and 45 feet deep 
and below the Miraflores locks: the sea- 
level section, about eight miles in length, 
will be so00 feet wide at the bottom and 
45 feet deep at mean tide, Through the 
lake the bhattom wihlths are not lms than 
1.000, feet for shout mm miles, Soo feet 
for about four miles, 500 feet for about 
three toiles, and through the continental 
divide, frim Bas Obispo to Pedro 
Miguel, a distance of about nine miles, 
the bottom with i4 goo Teet. 

The tots] length of the canal from 
deep water jn the Caribbean, 4t-foot 
depth atmean tide, to deep water in the 
Pacific, 45-foot depth at mean tide, 1s 
practically so miles. 15. miles of which 
are at sea level, The variation in tide 
em the Atlantic side is 2.5 feet as a 


Viti 


maximum, and on the Pacific tt is 21.1 
feck as a miximiutt. 

Provisions are mide to amply protect 
the entrances of the canal. During the 
Winker mouthe Qocwsiiial storms occur 
on the Atlantic Sile, of seach violence 
that versels cannot lie with safety m 
Colon Harber, and during the provress 
of such storms entrance ancl eyress from 
the canal would be unsafe. To over- 
come this condition, a breakwater will 
extend cut about two miles from Toro 
Pont in a northeasterly direction, which 
will not only protect the entrance, but 
will provide a safe harbor Whether 
protection an the east side will be ulti 
nitely necessary ia still an open ques- 
tint. 

The Pacific entrance requires no pro- 
tection from storms, but the set of the 
silt-bearing current from the cast is at 
night angles to the channel and the -silt- 
mg made constant dredging. necessary, 
To prevent this. shoaling a cike: is beng 
constricted from the maintind at Balboa 
to Naos Island, a distance of about four 
niles: the benefits derived from it are 
already very marked, 

The projected lakes will submerge the 
tracks of the Panama Eailroad for the 
greater part of its length, and as this 
road is necessary for fonstoiction pur- 
poses, and ultimately for the operation 
an maintenance of the canal, it is bemyg 
reconstructed thronghout, with the ex- 
ception of a few miles at either end. It 
was originally intended to pats the new 
railroad through Culebra Cit on a berm, 
160 feet above the water surface, to ‘be 
left for this purpese cliring the excava- 
tion of the channe] through the ent, but 
the sides and the absolute setessity for 
keeping open railroad cornurication 
between the tro ends of the jine neces- 
situated a change in the location, andl a 
new line to the east of the ent has been 
selecterl. 

In order to bold its cancession the 
Fretich ¢emmpany continued work on the 
canal up to the tme that the United 
Stites assumed control, aml after the 
transfer of richts and property was for- 
mally made the excavation was carried 
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SPAN LATCHERS ON THE CAS AT 


The ponularay of the werk on the [ethos hop become so greot. that Ht FS rene Deore 
necessary. for the Canal Commission to bring in shiploads af recriits from the VWeeet Tnslies 
nil Korope, Laborers ape ec attracted by the go Hl pay, far treatment, and excellent living 
comditiots that mere than sooo came from Spin und Italy during iio Old laborers whi 
hat left the work poced to Bens ond South American emintrics have alte heen returning to 
the Esthmms tr lone timbers, cecking reemployment. There are at present about. 38,000 on 
the rolls af the connl works 
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THE PANAMA CANAL 


ot by the United States with the varius 
tools and appliances then in use. 


MAKING THE (STHMUS MEALTHY 


The first two ond a half years of 
American control were given to prepara- 
tion, Al energies were devoted during 
that tinve to rid the Isthmus of ciseuse 
by sutitation, to reerititing and organlz- 
inv a working force, and providing for 
it auitahle houses, hotels, messes, kitch- 


ens, and an adequate food. supply; to. 


asseribling the plait to do the work: to 
increasing the capacity of the existing 
railway systen, and to establishing a 
system of civil goveroment for the Canal 
Zone, which is a strip of land to miles 


wie (five miles on either stde of the 


eenter of the caral}, extending across 
the lsthimnes. 

The work uf spnitation meluded ¢clear- 
ing lands, cirainme and filline pools and 
swamps for the extermination of : the 
muoxqitito, the establishment of hwepitals 
for the care of the sick and injured, and 
the quarantine, In adklition, to secure 
aril maintiin better health conditions, 
municipal improvements were utider- 
taken m the cities of Panama and Colon, 
ani the various settlentents along the 
line of canal, such as the conaruetion of 
recervoirs, with mains and adjuncts, for 
farnishing wholesome ond sufherent 
water, sewerage, pavements, and a sys- 
tern of roads, 

Suildings to the oumber.of 2.07) were 
constricted, inclucing office buildings, 
hospitals, hotels, messes, kitchens, ships, 
storchuaises, and Hving quarters. Jn ad- 


dition to this, 1,536 buildings out of a. 


wial of 2.200 buildings timed over by 
the French were remodeled and repaired 
for ise, 


Recruiting agencies were established 


in: the: United States, Europe, and: the 
West Indices. 
.x IMMENSE DEPANTMENT STORE 

Tue Commissary Department of the 
Panama Railréad Company was enlarged 
until it is now a great department store 
supplying to the employees whatever 
may be necessary for their comfort and 
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convenience. Manufacturing, cold. stor- 
age, and latindry plants were established 
and tim out each day about go tins of 
ice, 14,000 loaves of bread; 2,400 rolls, 
250 gallons. of icecream, 1,000 pounds 
of roasted coffer, and 7,500 picees of 
laundry. Four to five-refrigerator crs, 
lowded with meats, vegetables, and such 
fruits as can be obtainéd, are sent out 
om the night freyht to distant powits, 
amd every mornmg a supply train of 
about ours. of which number six to 
eight are refrigerator cars, leaves Cris- 
tobal at 4.90 to distribute food-stults and 
laundry to the local comimissiries along 
the line, where the employees make their 
purchases aru] where the hotels, messes, 
and kitchens secure their supplies for 
the day. 

The constriction plant, consisting of 
steam shovels, locomotives; cars, wilond- 
ers, preaiers, track-shifters, pile-drivers, 


cranes, dredges, steamboats, tugs, and 


barges, was purchased for the post part 
“knocked vlown,” aml shops for their 
etection ‘and repair were constructed 
und enlarged. Some of the machinery 
was built from parts maniufactired tn 
the shops. The distince from the home 
market, with attendant vexatious delays 
in securing parts and material and the 
necesttty for keeping the cotistruction 
plant in the mast eficrent condition tor 
economics! opention, made it impwrative 
that the shops be equipped to mect every 
possible contingency, 

The capicity of the Panama Railroad, 
over a large pert of which the spoil from 
Colebr Cut must he handled, was. in- 
eteasedd by double tricking it through- 
om, except from Cristobal to Gatun and 
Tren Citlchrn to Puraiaa, Yards were 
enlarged and conmections made to areas 
available for dumping grounds, 

Laws were framed, and emit govern- 
ment was established with tts mecessary 
adjuncts of courts, police force, fire com- 
panies, custims und revente servier. 
post-offices, public works, and treasury. 

A purchasing department was organ- 
iver] in the United States for the obtain 
ment of supplies of all kinds and de- 
scriptions. Upen arrival on the Isthmus, 
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THE PANAMA CANAL 


the supplies are shipped to the various 
subdivisions of the canal-work tor which 
they were purchased, or they are placed 
in storehouses dlong the line for issue 
When required 

lt was only after these varigus. yet 
necessary adjuncts Had been provided 
and the forces for ther operation were 
organized that the principal work in 
hand—the building of the canal—could 
be pushed forward with any hope of 
siceess, and too mouch praise qunnot be 
giver to those whe conceived sind estab 
hehed them ina working condition. 

The Department of Construction ani 
Engineering is divided into, three_con- 
struction divisions, The Athintic Divis- 
ton embraces the engineering coustric- 
thon from deép water in the Caribbean 
Sea to include the Oatun locks and dam ; 
the Central Division extends from Gatum 
to Pedro Miguel, and the Pacific Divis- 
ion from Pedro Miguel to deep water in 
the Pacthe Ocean, 


KEEPING THE FLOSS rT OF CULEBRA CUFT 


As already noted, the Americans con- 
tinued the work in progréss: by the 
French in the cot through the continental 
divide, commonly known as the Culebra 
Cut, utilizing the French machinery until 
it could he replaced by more medlern 
apphanees, This is the must formidable 
part of the enterprise on account of the 
magnitude of the cutting, and also, be- 
cause of the difficulties attending it, due 
to the excessive raimfall pnd to the vary- 
ing charicter of the ntitertals encoun- 
tered. 

The efficient and econoniicn) working 
of the plant requires that provisions be 
made for the disposition Of the large 
quantitics of water that result from the 
rains, Whatever water is not carried off 
by the streams enters the cut, erther 
through direct fall over the excavated 
urea or by seepage into it Proper «rain 
ape of the cut is therefore an ever-exist- 
ing problem, and two distinct phases are 
presented, viz: | 

1. Toa keep cut the water of the str- 
rounding ecnritry: | 

2 To rid the excuvated atea of the 
water that collects in it 
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A system of diversion channels accom- 
nlishes the first, and gravity drams und 
pumps sUlve the sceond, The canal line 
follows the Obispo River, which drams 
the area from the divide to the Chagres 
River, Jt has four principal tributaries, 
two from the east, the Masambi and the 
Sardiniila, and two from the west, the 
Maindinga and the Comacho., These are 
cured for by two diversion channels. 

Qn the east side of the cut the Obispo 
diversion has been constructed almost 
pafalle! to the canal and carried through 
a depression in the hills a) as to drs 
charge inte the Chagres about one mile 
above the point at which the canal line 
crosses the river. 

To the west of the cut the Comacho 
diversion carrics the waters from Cule- 
bra to the Chagres River through the 
old channel of the Obispo River. Through 
a hill between Haut Obispo and Has 
Obispo, which sharply defects the river, 
the French had built a tanmnel for divert- 
ing the flood waters; and this forms a 
partofthé new diversion, | 

The ‘canal follows the Rio Grande on 
the southern slope of the divide, and its 
waters are cared for by a civersion chan- 
nel constructed by the French. They 
also constructed a dam across the valley, 
impounding the waters, ated the resulting 
reservoir supplies the settlements: from 


‘Culebra to and including Panama. Dur- 
ing the wet season the diversion channel 


carries the averilaw from the reservoir. 
HOW TILE SHOVELS WORK 

The French so planned the excavation 
that after the removal of the peak of 
the divide and lesser summits they could 
work @ number of excavators simultane- 
ously at several points, so that a stieces- 
stan of benches resulted, lying one above 
the other, exch with the nattral surface 
as the point of beginning. By working 
in the direction of the length of the cut, 
the face of the bank. gives the longest 
cutting possible, redices the number of 
times the excavator mist be hauled back, 
and secures a satisfactory drainage ar- 
rangement, since the cutting is carried 
up grade on either side of the stummit. 
“The Agmericans bave followed this 
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same method, the only difference being 


in the character of machinery usec. ‘The 
width of the channel adopted by the 
French was 74 feet; the present plan is 
for a channel 300 feet at the bothath, 30 
thar the first work undertaken by the 
Aniericans was directed to securing the 
necessary widths for the upper reucles 
before attempting any increase in depth, 
“Whatever witer entered from rains 
and seepage was draimed {rom the sum- 
mit of the cutting by gravity to the Rio 
Grande on the south and to the Chagres 
iver on the north, As shovels in ex- 
cess Of those required for widening be- 
éame available, they were put to work to 
secure inerensed depth, care being taken 
ty mdintain, as: far as possible, tree, 
easy, and rapid drainage. Shovels are 
started at either endl and carried towards 
each ather, Cutting out at a new summit. 
These pioneer shovels on the next lower 
grade make the “pilot cots,” which con- 
stitute the new drains and to which 
water is led by faterals from various 
arts of the excavated area adjacent, 
he average grade or slope ts about 36 
feet per mile, The loading tracks for 
these shovels are on the level above. _ 

Wher the “pilet cut” has progressed 
sufficiently far, its cht or trench becomes 
the loaling track for a second ‘shovel, 
which is started to widen out the cut al- 
ready mate by the pioneer, and so the 
Wark. Moves forward, the shovels af 
preaching the sammit from either direc- 
tion in echeliun, 

In 1904 the summit of the excavation 
wis at Gold Hill and at reference 193 
above sen level, The summit at present 
fs between Empire anid Culebra and ts at 
reference 106 above sea level. The 
drainage to. the south is still by gravity, 
through the ald bed of the Rio Grande 
to the west oof the Pedro Miguel locks. 
Tt its expected that before the next wet 
éeascon the center culvert of the locks 
will be utilized, . 

On the north side conditions are now 
different. The reference of the low- 
water surface of the Chatres ix 43 at 
the point of its: intersection with the 
center line of the canal. The bettom of 


the completed canal is-at reference 4o, 
A dike separates the cut from the Cha- 
gres, but this is avertopped durmg the 
high foods, To get rid of the accumu- 
lated food water, 2g-inch pipes are laid 
through the dike, each with a suitable 
valve, and so arranged that all water 
above the pipes is carried inte the Cha- 
gres by gravity after the subsidence of 
any, Fliowact. . 3 

tecourse must be had to pumping 
whatever water remains from the floods: 
below this level, and-such as may be col- 
lected by drainage from the south; for 
this purpose a sump has been dug to ele- 
vation 32 and pumps installed, It is net 
possible to estimate the quantity of water 
that will have to be handled, but three 
pumps are in place, each capable of dis- 
charging 12,000 gallons of water per 
InMute. 

VERY TROUHLESOME Sines 

The greatest diticulty encountered in 
the excavation is due to slides and 
breaks, which canse large masses of ma- 
terial toslide or move into the excavated 
area, closing off the drainage, upsetting 


steam shovels, and teating op the tracks. 


The term “sHde” is applied to the moye- 
ment of the overlying clay upan smooth, 
sloping stitiaces of rock ar other ma- 
tertal harder than the clay. 

“Breaks” occur at points where the 
underlying cock is of poor quality, imter- 
sected by vertical seams or scams slop- 
ing towird the canal, and which is -an- 
able to bear up the superimposed mass. 
Generaly, the apper surface of the 
broken portion of the bank remains at 
proximately horizontal, settlng nearly 
vertically. Thesveight of the broken por- 
tion forces up ond displaces laterally the 
material lying directly below it in the 
bottom or an the berms of the canal. As 
the material thus forced up is taken 
away the upper part. gradually settles 
and moves toward. the axis of the canal 
until the entire broken portion is re- 
mayved. 

The greatest slide is at Cocaracha, and 
gave trouble when the French first be- 
gan cutting, in 1884, atid «till continues. 
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Though at first confined to a length of 
Boo feet, measure! along the line at ¢x- 
eavation, the slide lias extended ta in 
clude the entité basin south of Gold dill 
or ior a length of about g,o00 feet. The 
ariginal slide covered an area of about 
six acres, Wot the latest surveys show 
that is has extended to cover 47 acres. 


cc DANGER FROM SLIDES ATI CANAL & 
COMPLETED 


There are all told oine “sitides” and 
“breaks” to he reckoned with, and there 
is nothing ta do bot te remove all the 
material etnbraced withm their limits, 
As the cut is deepened these may be ag~ 
gravated or others may develop. There 
is no tiethed known to stop or to pre- 
vent ther Usually the first indication 
received, if there be o forewarning, t= the 
lifting or moving of a shovel and tracks. 

The cut hus therefore developed into 
the uncertain am! ¢xperinetital feature 
of the work and its completion will mark 
the date of finishing the canal, Noa ap- 
preherision is felt because of the slides 
aiter the completion of the work, They 
develop az the depth of the cut increases, 
and the banks slide or break because of 
the condition of unstable equilibrimm 
that. results from the crtting: when 
gerade is reached equilibriam will be es- 
tablished, and the back pressure of the 
water will result in greater stability. 
Whatever slides occur spbsequently will 
be relatively sinall, and the material can 
he easily handled by steam shovels on 
the berms that will be left tml by 
dredges that will be available. 

Some idea of the magnitude of the 
slides can be obtained from the fact that 
thiring the fiseal year 1909, of 14,325.376 
cubic yards removed, 884,530 cubic 
yards: or 6 per cent, were from sinies 
For the fiscal year 1910, of 14,921,750 
cubic yards that were removed. 2,49-- 
pon, or 18 per cent, were from slides or 
breaks that had previously existed or 
that had developed during the year. 

THE MATERIAL ALT, ROCK 

Except for the slides, which are of 
earth, the material to be remover ts 
rock, and requires blasting to enable the 
ghovele to handle it expeditiously. The 
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largest part of the drilling 16 done bay 
churn or Well drills, though tripod drills 
replace them where the others vannut be 
usedl to advantage. “The dirills are oper- 
ated hy canpressec air, supplied by three 
compressor plints, which are connected 
together by a to-inch pope ne about 
five miles long, with G-inch ancl 4-inch 
leads tanning inte the cut, The drills 
operate In batterres of from 4 to 12: the 


holes, from, 15 to 27 feet in depth, are 
spaced from 6 to 16 fect apart. 


The explosive used is dynamite, 45 
per cent to Go per cent nitro-glycerine, 


Excessive moisture and water in, the: 


holes prevent the use of blasting powder. 
When the holes in any section are realy 
fot blasting, they are “sprung —that is, 
four to six sticks of dynamite are law- 
ered to the bettorn and exploded— 
thereby forming a chamber for the re- 


ception of the charge, The charges vary 


from 25 to 200 pounds, depending upon 
the local conditions; the tamping fol- 
lows. and the explasion is effected by an 
electric current groan one of the lighting 
plan te. 


THE EARTH AND ROCK FROM TILE CULEBRA 
cuUT AR USED FU. THE DREARK— 
WATERS AND EMBANK MENTS 


Threuel the blasted area the steam 
shovel cuts iis way, averaging 34 feet 
wide at the bottom and 50 feet at the 
top for the “pilot ents.” which are 3 to 
12 feet deep. The widermny cuts are 
about 26 feet wide and from 15 to 24 
feet deep. . 

The best results are secured with the 
gs-ton shovels, thongh the 45-ton and 
Foto shovels ate: alse weed, The 05- 
ton shovels have dippers of four and 
five vird capacities, the former remov- 
ing rocks Coniining os much as ‘Six 
cubic yards. | 

When the rocks aré too large to be 
fifted by the shovel, they are “dobie™ 
biasted, and thus broken to, sires con- 
venient for the dipper, ‘This is done by 
placing three or more sticks of dynamite 
on the rock, covering then with: mud 
and igniting by means of a slow match. 

The shovels load the material on, dirt 
trains, consisting of 20 flat cars and 
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THE CHAGKES ‘RIVER BHEAKING THEROUOTH A PROTECTION PIKE 


to ise 23.6 feet in a4 houre’ 


The Chagres River has been known 
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from 25 to 35 stecl side dumps to a train. 
The available dump gromds in the vi- 
cinity of the cut were utilized) to their 
fullest capacity by the Prench and dir- 
ing the earlier pends of American con- 
trol, so that longer hauls are necessary. 
The new line of the Panarna Railroad, 
being above the lake level, requires many 
heavy enihankments, which otter suitable 
places for depositing material, The 
breakwater from Malbon to Maos Island 
offers a dump, though requiring. an ayer- 
age hail of 11 niles. | 
As difficulty is experienced in extend- 
ing this lireakwater, additicmal dump 
tracks ate provided at Galboa, so-as not 
to delay the trains, and land at the inner 
end of the breakwater is being reclaimed ; 
already 253 acres have been filled in. 
The interior swamps in the vicinity of 
Amecn are nieo ta be filed. Prva. 1h to 
a9 trains of material are sent daily: to 
Gatun, an average lanl of 25 miles, and 
wsed in building ap the toes of the dam 
of for large rock to phice m the concrete. 
The remainder of the excnvatecl mate rl 
if wasted on extensive domps at Sfira- 
flores: A large dump ground at Taber- 
milla was used, but is abandoned for the 
present. . 
The Lidgerwood flats are dumped ai 
Miraflores, Balboa, ariel on the telorated 
line of the Panama Railroad, where 
special) equipment 15 Kept to bande, them, 
consisting of plows, anioaders, spreaders, 
end track-shitters: The plow is-attached 
to one end of the train, and the anioader, 
consisting: of a steam-driven «rium on 
which is wound the cable, at the other 
end. To stretch the cable, the train 
passes between two uprights to which 
the cable is attached temporanly, and by 
moving the train the cable ts. drawn from 
the drm to the plow to which the end 
af the cable is attached. Winding the 
cable on the dram dmws the plow the 
length of the train, removing the load, 
After the material is plowed off, the 
spreader performs its functions, and, 
when no longer capable of throwing the 
material beyond the edge of the dump. 
the track is shifted by a device patented 
by W. G. Bierd, formerly general man- 


ii 


ager of the Panama Railroad, which 
raises by one motion the track with the 
ties so as to clear the ground, and by 
another tmetion pulls it sidewise. The 
usual throw is:two anda half to three 
feel, thengh, if the rails will permit, the 
track can be thrown as much as nine 
feet in one throw (see page 179). 

The steel dump-curs require ne special 
or extra appliance for their operation, 
and can be dumped as easily on curved 
as on straight track, They also dump 
te either side. 

Work has been in progress on the Cu- 

lrbra Cut since t&85, and during the 
French control 18.546,000 eubre yards 
were removed, Between Gatun and Bas 
CWnspo, the northern end of Culebra 
Cnt, the French excavation which 15 trée- 
ful to the present project amounted to 
2,201,000 cubic yards, or a total in the 
Central Division of over 20,000,000 culie 
yards, The total estimated amount of 
material to be excavated from May 4, 
gay, in this division was 7,125,018 
colic virds, of which, up to January 1, 
ror), 67,702,855 cubic yards have been 
removed, or Og.7 percent. It is expected 
that all the excavation in the lake section 
will be finished by July 4, ttt. 

Some iden of the magnitude of the 
eperitions may be formed from the fact 
that this division has within its jimisidic- 
tion over 200 nules-of-5-foot-gouge track 
laid, about 55 miles of which are within 
the side slopes‘of the Culebra Cut alone. 


TILE GREAT DAM AT GATITSN 18-4 VERTTADLE 
ATT 


An earth dam across the Chagres at 
Gatun impounds the water of the river 
and creates the Inke which constitutes 
the summit level, “The dam is 7.500 feet 
long ever oll, measured along the top, 
and, aeoording to the latest profile, it 1s 
2,100 feet wide ut the hase, gq8 feet 
through at the water surface, reference 
Ss, and too feet wide at the top, which 
is 115 feet above sea-level. Tt crosses 
two valleys separated by a hill rising to 
elevation mo, in which the regulating: 
works. are being constructed. OF the 
total length of the dam, only 500 feet 
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This powerfal muchine lifts the track and ties clear of the greed ail they, deposit 


them from tited tc nine feet away, 
of claw. deen poge yy l. 

will be exposed to the maximum head 
of Ss feet, the remainder to less. 

The dimensions of the dam haye been 
criticised as excessive and? unwarranted, 
but its designers conmtdered it desirable, 
in View of the amount of materi! ayail- 
able. that ample provisions be mace 
ardinst every force which mov affect its 
safety, and that a barrier be made so 
that the Lavin without enenticering 
knowledre would recognize its stubiltty. 
Now that the dam i assuming appreci- 
able proportens, this latter object i 
more than renlizert. 

The dam tn plan tsa broken line to 
conform to the oontigurations of the 
natural surface, thereby materially re- 
ducing the fill. Tt extends from the hill 
in which the locks ate to be constructed 


It ends the steel tatl= os eaeely aa if they were made 


to Spillway Al thenee along the spur 
or hog-lack of the hill on the west side 
of the valley (seecmmap, page 201) 

The adoption of the earth cium brought 
un such criticism that on exhaustive ex- 
amination of the foundations was: made 
th Order ley delete Wore carefully the 
character and extemt of the various wnder- 
lying materials: to ascertain whether 
there was any possible connection be 
tween the swamp arens to the north and 
south through the deposits inthe pores 
aeross Which the clam will be built: for 
testing the ability of the material to sup- 
pert the proposed structures, and for 
learning whether suitable material for 
thie atm could be obtained in the im- 
mechate vicinity. 

‘5 the result of the investigations, it 
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may be briefly stated that the underlying 


material is aca lo walter; that it 


possesses. ample be placed to La dic the 
Structure that wall be placed upon it, and 

the subsoil being impervious, that there 
ig no connecthin between the swatnps 
above and the sea. below, 


Hecaure of the sluggish current of 


the fiver in the vicnity of Gatun and 
above, the deposits consist of the finer 
sands and silts interspersed with beds of 
clay. Dy constructing experimental dams 
of this material and ssbjectifg them to 
the full head of whter, it was conclu 
sively demonstrated that this materml ts 
suitable for the interior or the impervi- 
Otte core, | 

The dam is constructed by forming 
two dumps on the outer fittes- of the 
structure ail depositing waste material, 
mostly rock, obtuned fram Culebra, the 
lock stte, ancl Mindi, The area betweett 
the piles thus formed is Alled with the 
material pumped in by hydraulic dredges, 
the natural surface of the ground having 
been previously cleared of vegetation 
and a suitable bonding trench excavated. 


THE SPILL WAY 


Fluctuations in the Jake due to floods: 


are to be controlled by regulating works 
constricted in Spillway Hill Objections 
were made to constructing such works it 
the line of the «lam, but because of the 
natural conhguration of the ground, irre 
spective of the Ipeation of the spillway, 
provision had to be made for tying the 
dam to the sides of the hill: moreover. 
the extent and elevation of the hill, as 
well as the material composing if, make 
it avsttitable and desirable place for the 
waste weirs. The channel has been cut, 
the Hoor and. side walls of conerete com- 
pleted, and the Chagres River new dis- 
charges through it. As the reference of 
the floor iat 10 feet above sea-level, the 
lake is already formed at least to this 
height. 

The spillway dam will be of conerete 
with its:crest at elevation 6). Piers 8.¢ 
feet wide will be built on top of the 
erest, 53.5 feet centers, grooved for 
Stoney gates, which will clase the open- 


a = aah ti head {rem 


Ls] 


ae ‘and complete this portion of the 
The trace of the dam will be the 


‘gre rec od a circle 7yo feet long, with 14 


openings, which, when the gates are 
raised to the full height, will permit a 
cernniye ot 140,000 Cubte feet per sec- 
ane witer discharged over the 
dam will pase thromgh a diversion chan- 
nel inte the old bed of the Chagres. (See 
le oi) phe Ful. J 

The dan is to contain 21,145,931 cubic 
yards of material, On January 1, 1911, 
there tad heen placed 13,0c1,s02 enbie 
yards, making sfu72 per cent of the dian 
complete. The spillway will contain an 





estinated quantity of 225,485 cubic yards 


of concrete, of which 113.269 cubic yards, 
OF 50.23 per cent, were completed on 
January 1, 


THE |{CcKS CA WE FILLED 2 EMPTIED IN 
S&S MINtTES 


The kwks are in pairs, so that if any 
lock is: out of service navigation will not 
be interrupted. ‘Thus, also, when all the 
locks Rett i use, the passage of shipping 
will be expedited’ by using one set of 
locks for the ascent and the other for 
descent. The locks are rio fect wide 
anid hove usable leneths af tooo feet. 

The syste of filling adopted consists 
of a culvert in each side wall feeding 
laterals perpendicular to the axis of the 
lock, from which are openings upward 
into the lock chamber. This system cis- 
tributes the water-as evenly as possible 
over the entire horizontal area of the 
lock, and reduces the disturbance in the 
Chamber when the fatter ts being filled 
or emptied. (See diagram, page 2o2, and 
iustrarions, plages 0) 207.) 

The middle or separating wall con- 
tains single culvert of the same area 
#s the culverts in the side walls; which 
feeds in both directions througli laterals 
controlled by valves designed to operate 
either direction, 

lis arrangenjent permits communica- 
ton between the chambers af twin locks, 
s0 that water may be passed from one 
lock to the other of the pair, effecting a 
saving of water, The main etlverts are 
controlled by Stoney valves, and the lat- 
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CULENRRA CUT, 
trals leading from the center wall ty 
cylindrica] valves 

Assuming aalitterence of head of 30 
feel, it is estimated that the entire lock 
can be filled or emptied, using one cul- 
vert in £5 minutes aml 42 veconds, and 
im 7 minutes and §: seconds when both 
cilverts are ser 

The beck eatcs ore of the mitening 
tee. double leat. étraiptit vat 
img im hemht trom 45 feet 7 inches to 7o 
Feet: the length of cach leat about 6s 
feet, A contract las: been entered into 
Tor TUM ing the the ites 
and for their erection in olace by Jime 
1, 191%, To meet this condition, it ts 
necessary that the concrete work shall 
be completed in time to enable the ocn- 
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tractors to begin the erection of the 
Vids sets of Fillies on the dates STACY 
hed in their contract; and the work. is 
bei? prosecuted wath this end in view 
Toe seeomplish the result the concrete 
for the Gatin locks mist be finished by 
June-t, 1912; aml that for the locks on 
the Pacific sidé by October of the same 
wear. 
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haonclamental 
feature of the desien that at each Hiehit 
of locks there must alwavs he two bar. 
ners sepanitme the high level fron t 
evel next below, ‘To carry this out, tivo 
sete Of mitering gates are placed at thi 
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upper and two at the lower end of cach 
wf the uppermost locks in cach fight. 

In addition «a chain device is tsed to 
guard the barrier gules against accident, 
and so controlled as to he capable of 
checking a ship of to,000 tons moving 
at the rate of about five miles an our, 

‘More than g§ fier cent of the vessels 
navigating the high -seas are less than 
6oo feet in length, and this has been 
taken as the deterinining factor for the 
location of intermediate gates, which are 
introtuced in the desien te save both 
lime and water. For the protection of 
the intermediate gates against vessels 
using a smaller length of chamber a 
chain barrier is to be installed. 

Guide piers are provided both op- 
stream and down, to which vessels will 
tie before entering the locks; Designs 
jor electric towing machines are being 
prepared, which will be osed for towimg 
vessela into and controlling their passage 
through the locks Iv teans of fines or 
cables attached to what may be con- 
dered the four corners of the ship, 

| Even with all of these precaitions ac- 
cients muy i tg and emergency 
(ams are provided at the head of each 
flight of Jocks, consisting of “swing 
bridges, which ean be thrown across: the 
locks im case of an acenfent which 
nvakes 2 connection between the tap level 
aml the level below! wicket girders are 
let down from these-swing brides, sup- 
sorted by oa sill at the bottem and the 
horizontal tress work of the brkige at 


the top. These wicket girders Act as 


runways for gates, which are lowered 


atid gradually stop the flow. 


GATIIN LAKE WII, Sto WATER FoR THE 
ney SiiASsoN 


lt will not be out of place at this pomt 
to pive consideration ina general way to 
the question of adequacy of the water 
eapply to maintain a large commerce 
through the locks, Data hearing on the 
aibject have been collected for many 
years and studied with care. During 
eight or nine months of the year there 
is rmore than a sufficient supply for all 
purposes, but durme the cithnet four oT 
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three months there is practically none, 
amd i, becomes necessary to store. a suth- 
cient quantity during the rainy season 
to supply the needs duritig the dry sea- 
SCI. 

The enormous reservoir of Gatun 
Lake is availnble for this purpose. The 
hottam of the canal in the summit level 
is at reference yo, ated it i4 evident that 
havigation, with the extreme depths pro- 
vided of qo feet in sea water, can be 
carried on imtil the surface of the lake 
falla to reference 81%. As the water sur- 
face in the lake is to be allowed to rise 
to teference 87, there is-stored available 
for the dry seascm a little more than 
hive feet. 

Making duc allowances for power 
consimption, evaporation, about which 
data are available, seepage and, Jeakage 
at the gates during a dry season of 
minimum How, assumed as folowing a 
wet season of minimum flow, an average 
of 41 passages of the canal per day ts 

osstble, using the full length af lock. 
the average dry season 58 complete 
transits of the canal are possible, or a 
greater number than the 24 hours of the 
day would permit, allowing vessels to Tol- 
low each other at tntervals of one hour: 

With the design for the locks as 
adopted a certain amount of waler can 
be saved at each lockagre whenever 
vessel does not draw the full permissible 
depth of 40 feet by cross-fillmg or 
emptving through the middle wall, As 
a consequence Ht can be stated that there 
will be sufficient water Tor as many lock- 
ares as the time in the day will permit. 


INGENIOUS MIETILONS FOR HANDLING THE 
hack AND CEMENT 


At Gatun three locks in flight over- 
come the difference in level between the 
lnke anil sea, and are being constracterd 
in a cutting made through a hill The 
excavation, consisting of tpwards of 
so00,000 cubic yards, mostly rock, is 
practically completed. The locks are of 
conctete, and contain abit 2.04f,100 
enhic yards of this material, On jatu- 
ary a lust they were 49 per cent com- 
pleted, 
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The broken stone for the concrete ts 
quarric(l and tratisportedl from Porto 
Hello, about 20. miles east of Colon, and 
the sund is procured from Nombre de 
Dios, about 20 miles farther to the cust. 
Both ore transported direct to Gatum in 
barges through the French Canal, which 
was dredged of rock ledges and accumit- 
lated deposits for the purpose. Since 
the canal line was cut through to the 
French Canal this new channel 15. also 
used. The cement is purchased under 
cttract at dotks- in foreey City and 
shipped to Cristobal, thence by barges 
to Gatun or cars to Pedro. Miguel and 
Miraflores, ae 

The material taken to Gatun in barges 
is tandedl at tnloading decks, conven- 
itntly Iocated on the old east diversict, 
to «which a@ channel from the French 
Canal was excavated by dredges. ‘The 
east dock is inclosed, forming the ce- 
rent storehouse. [ts floor dimensiors 
are 106 feet hy 490 feet, The roof pro- 
jects 35 feet beyond the face of the 
dock, aliording some protection against 
the rains. | 

The building is divided into ten bays, 
in each of which a two-ten traveling 
crate, worked by electric motors, oper- 
ate entirely across the building, [In the 
rear of the building 30 cement hoppers 
are placed in the floors and covered with 
stee] screetts. ‘The cement is delivered 
through. these hoppers into cars ramning 
on a track below the floor, The cement 
for this work is in barrels, which are 
first put into the storehouse and subse- 
quently moved to the hoppers. 

Grab: buckets, ‘aeeiied by cablewars, 
remove the: suit! and stene from the 
barges, moored against the west dock, 
and deliver the materials in stock pres. 
The towers of the cableways are of 
steel, 85 feet high anil ‘Boo feet apart. 
They are mounted on cars, which enable 
movement at right angles to the line of 
the cable: one single and two duplex 
eableways are provided, (See illisstra- 
tion, page 166.) Each of the latter have 
complete independent cableway systems: 
The cableways are equipped with five 
go cubic feet selisligging: grab buckets, 
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each having an independent run from 
the barge to the stock pile, The cable- 
ways have not the capacity to toad 
the material required with sufficient 
rapidity, and have been augmented by 
three derricks operating ona deck north 
of the cement shed, transferring sind 
and stone to bins, | 
THEE AERIAL CATILEW AYS 

‘Two tunnels min north and south 
through the stock piles, with hoppers m 
the tep through which stone and sand 
are fed to cars, 


The Cars usec tor feansherr ine the 
material are of steel with hinged sie 


dours, and bottems inclined outward at 
an angle of $2 degrees from the heri- 
gontal. A steel partition divides each car 
inte compartments, one for rock and ce- 
tient and one for sand. ‘The car sturts 
at the cement shed, where it receives TWO 
barrels af coment, thence rons through 
one of the tunnels, receiving a full charge 
of stone anil sand in the proper compart. 
ment, and proceeds to deliver this lewd 
in the mixer hopper, 

The concrete mixers are of the cubical 
DPE each having a capacity of h4 cubic 
feet. There are eight of them, all 
meuited mone building an the west side 
wt the lock site, arranged’ so that four 
dump in one direction and the other four 
directly opposite, thus permitting the wse- 
of two tracks under the mixers. There 
is, however, but one track above. 

A. four-track cleetric railway. third- 
rail avstem, operates the length of the 
locks ami carries the concrete from the 
mixers to the cableways over the locks, 
by which it is placed, The equipment 
for thia road consists of 12 electric four- 
wheel mine-locomotivetype engmes and 
24 flat cars fitted with automatic coup- 
lors, each designed to carry « two-yard 
conerete bucket, Two charges of con- 
crete are taken by each train and carried 
to the cablewsavys, 

Four duplex cableways span the locks 
with steel towers 85 feet high and ®oo 
feet apatt, similar in design to the un- 
lnading cablewavs. 

The forms used in concrete laying are 


GhOGRAPHIC MAGAZINE 


NATIONAL 


THE 


=a 2 = Sur hrg The J r=Ee z PEC Ti 1 “} ia i = ft = Pw P ogi 2 :-* 
rAITs jo prey — Hn, Ol Ge pidge Up n j==pHois airy, SIRT LO WATS [ithe aaa pier PALI Js thy) Petre) pe ajtd ais ad 
Cr} PALEY ) (eA obqno jou] bors 10 SUI aie jeep ogy S Ih ehtko SARAH UE Tu ‘FPAEA MS i fit: eA only stead [ Vere any i Pasnag 
PRS |S RIENG Hope PO UO ayy, WATE) Ie A Oya tauoD at JO}, aus PAYA ae SACs “|OII A oy) At| per EEE) ‘pul any y 


SN1H ONTOS ONY CNV ON PTSD ONEMOIS "NOI ahd Jew Sai GF LOOUY “ASAVAT Ort Guna an MAA 


—— — Se 
— = = 





THE PANAMA CANAL 


of steel and, for the straight portion of 
the walls, so designed as to permit con- 
struction of monoliths 36 feet in length 
extending from the floor to the top of 
the walls. The forms for the mam ani 
the lateral culverts are of steel and are 
collapsible. 


FROM GATUN TO THE oCraAr 


The channe! from the locks to deep 
water in Limon Gay, approximately 
seven miles in length, is: being excavated 
in puirt by steam shovels and the remasm- 
der by dredges. 

South of the French Canal the Mindi 
Hills cross the line of our canal between 
Gatun and Limon Bay, rising. to the ele- 
vations so and 60; As the bulk of the 
excavation i rock, steim shovels were 
put to work to secure the requisite width 
and depth. Jt was thought that when 
sea-level was teacher the shovels would 
have to be replaced by dredges, as. the 
Mindi River as within a few bondred 
yards of the area, and the French Canal 
borders it, As the work progressed, 
however, notwithstanding the seamy na- 
ture of the reck, tt was foun that a 
relatively narrow levee would keep ont 
water from the French Canal, and the 
cocpage Was so small asto le easily han- 
dled by pumps. One shovel-cut to prade 
was made, when the high water in De- 
cember, 1909, Tooded the pit and work 
was suspended until recently, when the 
soit material was removed by a suction 
dredge. The water ts hemg pumped tram 
the pit 40. a¢ te permit completion of the 
work by steam shovels. 

Over the area to be dredge, a sea- 
going suction dredge removes the softer 
natenal, while ladder and dipper dredges 
handle the rock and «tiff clavs, The 
underlying rock is drilled and blasted 
prior to dredging. A total of over 35,- 
ooo,000 chic yards was the estimated! 
amount to be excavated, of winch 6o.2 
per cent 14 completed. 


THE LOCKS AT [Penn MIGTED 


Tn the Pacific Division the wark con- 
sists of the constructiin of duplicate 
locks at Fedro Miguel overconung a 30- 


Lad 


foot difference of level, with the neces- 
sary dams; two locks in flight, also in 
iluplicate, at Miratiores, connecter! with 
the adjacent hills by one earth and one 
concrete dam: excavating the channels 
between the locks to the required depths, 
and the excavation of the channel to 
proper width and idepth ta deep water in 
the Paciic. 

The Pedro Miguel locks connect the 
summit or §5-foot level with the $5-foot 
level. The excavation for the locks, 
amounting to 770,000 cubic varia. is 
completed, and of the 437,400 cubie yards 
of concrete required! for their construc- 
tion, $7 per cent is completed. 

The west tom connects the head of 
the locks with the hills to the northwest 
and performs the same function at the 
south endl of the Inke that the Gatun 
dam does at the north. [t is ta he of 
earth, abent 1.yoo feet long, 40 tect wide 
at the top, whichi will be at reference 107 
above mean tide, and haye side shies of 
Re. Ut will he subjected te @ maximum 
heacdof ao feet, though the average head 
is from 25 ta 30 feet. 

In its consiniction two rock piles are 
formed; between these two masses of 
material (fromowhich an existing stratum 
of gravel was removed), sclevte] tate- 
rial will le placed properly paddled and 
rolled. This central portion will havea 
thickness of 140 feet at the bottom. 
Concrete core walls will connect the dam 
with the hill and lock. ‘The dam, which 
contams about to0cno0 cubic yards, 19 
20 per cent completed. The natural sur- 
face of the ground from the east wall 
to an adjacent hill is above the tipper 
level, hut it Is to some extent pervious 
to water, ‘To cut off any possible flow, 
the lock wall fs retarned toward the hill, 
with which it will be connected by a. con- 
crete core wall. 


THE LOCKS AT MIPAFLORES 


The Miraflores locks are two in fight, 
avercomung the difference tm level be- 
tween Miraflores Lake, whose surface is 
at reference $5, and the sea-level section. 
As the finctuatiwns in tide are about ao 
feet and mean tide is the datum, it will 
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RECEIVING FHE CONCHETE 
rte the men standing on ton of the wall on the extreme Jef The laoreet amount of 
eomerete lab) itt amy cme be ak at Gotin is So.01 cobble wards The hverage cost of the con 
crele per 4 nr tt late five IOI wae Sass. mechtnhime pitt charues atl division esqpciets 
To beelil the Garin livete: 2250000 farrtle of cement will fe moquired 


be note! that the maximum. lift for these cality, but, as the work has advanced =o 
locks: is about G5 feet, The excavation much nore rapidly han anticipated, are 
for the upper set of Jocks is complete a5 the contractors are to complete the 
and forthe lower set it is about 7O. per erection of the gates seven months ear- 
cent compiete. [Tt was not intended to her, than expected, it became necessary 
lay any concrete util the it tant at Pedro te tnétall auxiliary mixers and teein this 
Miguel had hnished the locks at that lo part of the work earher. ‘There will be 
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DECEMAIR. £6, 1910 
hown moved away from the wall preparatory to removal 6 a new 
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MAP OF GATUS DAS, 


a total of 1,312,200 cubie yards of con- 
crete to lay for these locks, of which 
- per cent is already done. 
he Cocolt River, a tributary of the 
Rie Grande, crosses the. site of the Mira- 
flores locks from the west, and js such 
a formidable streatn in times of heayy 
freshets that the protection of the locks 
against its foods during construction anid 
aiter completion is necessary, A. diver- 
sign channel throwmeh the hilis to the west 
with a dam across the river valley would 
accomplish the desired end; but, as a 
dam at the head of ond to the west of 
the locks is also necessary to impound 
the water for the pool above, the solu- 
tion finally adoy 
af adam extending from the head of the 
locks to Cocoli Hill, with a direction 
nearly parallel to the axis of the locks, 
he this arcangerment the Cocenl] River wl 
discharge into the upper pool, 
The dam i¢ of earth, 2.300 feet long: 
top width go feet at reference 70, and 
the side slopes approximately tact. The 
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SPILEWAY, AND LocKs (SEE PAGES I77 AND TPQ) 


average head to which the dam will be 
subjected is 30 feet, the maximum 49 
feet, [t is being constructed like the 
Gatun dam, and is 43 per cent complete. 
The east dam will be of concrete, ap- 
proximately 500 feet long, provided with 
repuluting works similar to and oat the 
same dimensions as those at Gatun, the 
creat in this ivistance being at clevation 
31), with seven opens, peErrIiteinge a <lis- 
charge of 7.500 cubic feet per ance, 
For a distance of one :and one-hall 
miles south from the Miraflores locks 
rock. is found in the channel, te he ex- 
covated at an average elevation of minus 
30. ‘The estimated quantity t le re- 
moved is 1,603,260 cubie yards, whieh ts 
ecyered by 8,158,133 cubic yards of al- 
luvial material, averaging 38 feet in 
depth. Tt was not practicable to remove 
the earth and rock bv dredging and sub- 
aqueous methods, a the reduisite plant 
eould not hive been assembled ‘to con 


plete the work in the allotted time 
An hydraulic excavating plant was, 
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CROSS-SECTION OF LOCK CHAM HER 


A. Culvert in center wall, 

B. Connections between center and lateral 
culvert, 

C. laters! culvert 
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’ So Li. : \ ees 7) | s i +e ; aes } anh ‘ 
ASD WALLS LAYTUN Lock= 


Culvert insite wall 

F. Draitiage: gallers, 

fe Gaallety for olectric wires, 
Passagoway for operators, 


if 


DL Wells opening tram lateral culyert= into Inck chamber. 
There will be three main culverts extending the -foll length of the locks, one in each of 


the eile walla and one in the middle wall. 


The stde-wall culweris are az feet in diameter 


Erith the inthe at thee ecru ts cmd of thir Wp per lunttey fo 8 prod jan feet rorth, where ether are 
redtced to gh fect, at which diameter they Will contin to the ml, a distance af about e500 
feet. “The culvert in thie imidelle WET pm ep feed in distieter from iis arth cid to 2 (unt at 
fect north, where it alse will be reduced to if feet, at which diameter it will continue to the 


end, a distance of aban 3.400 fort, 


Eateril culverts in the Coen: of an ‘lipse wall run in the 


Hear from. aod at ryeht odeles to the oui culverts at iutervala wi je and 36 feet, lending 
aliernately from the ‘de and middhe clyorts Water will be delivered ar collected: by esich 
lateral culyart thromph five openings or wells in-the flecr, -Valycs, which Tay Nesopened or 
closed either individually wr all at ote time, will be Ineated at the intakes aril alts wf the 


main culverts, and at the conneetizina between (he ethter colverts and the laters 


cilverts 


(see page ang). Tn the cetiter apace of the rirkelle Wall there will he a tunnel, iwiihed irete 
three stories wt galledes, The lowest gallory is. for drainage} the ttiddhe, far the wirra that 
will carry the alectric current to operate the site and vale machinery, which will be tnetulled: 
WW the center wall, are} iw Lonja,. a possopeway for the cMperm Lore, 


therefore, selected as beine the cheapest 
and ieee expeditious method of hand- 
ling the loam, especially tecause by this 
means 4so-acres af swamp land adjacent 
tithe canal could be reclaimed. Four 
hydraulic pumps force water through 
pipes, fitted with hydraulic piants or 


monitors, with a pressure of 630 pounds: 


per square inch at (he toreles; these jets 
wash the loam to sumps, from which 
aineh centrifugal dredging pumps, 
mounted Gn tenforcel concrete barges, 
punip the material to such places as may 
he lesirerd, | 
Below the area to be excavated in this 
mariner, the channel is: secured by ardi- 
nary dredging operitions: Rock en- 
countered is blasted, the drilling heine 
done by churn drillé thrangh the natural 
4urface to the proper depth or, where 


subnierged, by we of a drill scow, A 
Lobwite rock breaker i aléy in use fur 
Preparing the mock for the drders. The 
total ameint of material to be excavated 
HEeTerites 35.000,.000 cubic yards, of 
whith 73.55 per cent is completed, 


RERWILOS THRE RAILEOAT 


The relocated Panama Railroad is he: 
ing pushed forward sp as te keep pare 
with canal constraction work. From 
Colon to Mind} and from Coroznl ty 
Panama, the old Une, refeved af some 
of its curvature, will be ased, tnt the re- 
mainder mest he rebuilt, Fron Mind 
to Gato, two miles, and fom Paraiso 
te ‘Coroval, four miles, the new line js 
completed and is being operated, 

Just south of Miraflores the new road 
passes throuph a tunnel Bao feet ling, 


THE .PANAMA CANAL 
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THE 


ALR YATE 


fa 1 J i. i 
lhe size Of the strocture can be pppreciated by noting the man at the bottom, 
culvert to fill or empty the loeks fsee page 202 | 


cy lieder i. the 
The section tron Prijales to Gamboa, G 
thiles, 1 coonpiete to prade and has been 
turned over to the Central Division for 
se In wasting material. This inchides a 
steel bridge scross the Chagres nearly 
ce (ttar ter of a title bexerey. From atin 
to Prgoles a temporary line was com- 
pleted up to pride bo in April, tra, and 
maintained ready for operation at an 
thoe chiring the past wet season that the 
old line was flooded out 

Vbout 7,000,000 cubic yates are still 
required to.complete the embankments 
of this section to elevation os, and every 
effort is being made to hriash the entire 
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THE t.ATUS 


Li RS 


The grent 


line to Gamboa, 31 miles, to full gride 
by January 1, 19l2, On this date it fs 
expected that work in the Gatun spill- 
way will have progressed suthmenthy to 
begin raising the lake to elevation 55. 

Construction of the line from Gunthoa 
io Paraisa, east of the cit, was stared 
in January and will be pushed with a 
view ta ia ape hy fanuary 1, 122, 
if possible. As the greater part of the 
road passes through the lake, remforcer! 
eancrete culverts gre proviiled to equal- 
ize the water on both sides of the om- 
hankments, 
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THE sinet WALL OF ONE OF TIE GATUS LOCKS COMTARED To A six-sTORY pitt piNG 
The sie of the culverts imay bé appreciated from the engine and dray, The “ste “eit 


he filled in with earth and stone and graded to the top. Face fern for the side and center 
wills (see proecdiog Wnsiration ) are of sheet set) caried on orvable towers, also budt of 
steel. ‘Tracks are laid os near to the line of the walle as possible, and on these tracks the 
towers move up atl down Um lock chambers parallel with the walls (sce page: 200). Jacks 
fed to the towers and bearing on the forms are ied to alien the forme une hold them int 
place. ‘There are. ie of these towers, with forme 78 feet Jong from pop, to bottom, 3 feet 
wide; and 544 ches thick (see page ise). 


He CANAL WILL RE COMPLETED.ON TIME — fullest extent individual effort and brain 

Generally crea ine, employees are Sc pawer. AS at consequence each man hes 
lected on acrount of their special fitness 3 persottal ithiterest m™m the work and seer 
for the work in hand, and are then an- imbued with the idea that the success 
hampered: in ther methods of securing of the enterprise depends on him. The 
definite results, thus bringing out to its spirit of enthusiasm and of loyalty 
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DIAGRAM TO. SHOW FROPORTION oF EXCAVATION OF CANAL: ALREADY COMPLETED 


The qtrantity retnainine to be excavated may, however, he 
mito Culebra Cut Ciec pp. 167 und 173), 


among the canal workers strikes forcibly 
every one whe visits the Isthmus, ani 


convinces the doubting that the canal 


Will be Deis. 

The time required for completing the 
lock type of canal was estitnated by the 
Beard of tons, which made its repart 
in January, [job, af Q years, i mecoré- 
ance with which the work should be 
completed by January 1, 1915, atal this 
ts still retained as the date for the «ff- 
cial opening. The expectation that the 
locks will he enmpleted by Jrme 1, 1y13, 
i¢ dependent on the gate contract and 
hat already been noted, which leaves 
Culebra Cut as the doubtful fretor, 


THE SLIDES IN CULENRA CUT ARE: TIE 
ONE NOUETELUL FACTO 


Assuming. that all the material will 
slide inte ‘the cut that was estimated in 
June Inst.so that all of it will have’ to be 
remover. it is estimated that this part of 
the ent will be fittished by Septrembers, 
TONS. Le is. well within possibility—in- 
deer, at i probable—that other slides or 
breaks will develop. and it may be more 
economical to-admit the water, thus get- 
ting the acvantage of the back presstre, 
and remove the remainder by dredpes, 
whieh will then be available and which 
can be passed through the locks when 
completed, This will In dene if need 
be, bit in amy event there is nothing that 
can he foreseen at present which, will 
postpone the date fixed for the official 
Opening, with ample time to spare far 
tating wp the operating machinery and 
to organize and train a foree for the 
operation and maintenance of the ecanl 
by January 1, 19s. 


Around the Torn. 


conmshlerably inetegser| by slides 
The ligures are cubic yords 


With conerete work in the locks com= 
ing ton close in the early part of 1912, 
steps must be taken to dishand the pres- 
et organization, ‘The time has grrived 
for outlining an organization for the Ope 
eration. and. nmamntenarice of the canal. 
The tunine upoof the machinery and the 
Tanning of an oreanization will require 
the actual nse of the canal, Tt is states 


on rehable authority that cat feast 18 


months will be required for shipping: to 
mljust itself to the new conditions tht 
will exist when the canal is ready for 
se. Such readjustment, however, will 
not be atiempted iittil someé definite an- 
noincement is mide of the tolls-that are 
nb charged aml the basis for auch 
toils, 


THE CANAL, IS Wottto TouE $37'5,000,000 
INVESTED 


Much has been said and predicted as 
to the commercial valne af the canal to 
the United States, Ti this connection it 
mest be remembered that the. commer- 
Cal shipping et this country mever re- 
quired the canal. The trip of the Ore- 
gon in 18O8 settied the question of the 
a(visability of vonstructing an Isthmian 
Canal, and hart the canal been built at 
that time, thereby saving that trip 
there is no questicin 
that tt would have been apreed ¢ enerally 
that the eamal, ever at an expencliture of 
S375.000.000, was worth while: 

In whatever light the Panama Canil i 
viewer. it wall have paid for iteelf if tn 
time of war or threstened wars eoncen- 
tation of the fleet i< effected witheut 
that long. teddies, amcertain route fol- 
lowed by the Oregon. 


THE PANAMA CANAL 


It wall practically double the efficiency 
of the feet, and, notwithstanding the 
fact that we are a peaceful nation, our 
outlying possessions make the Panama 
Canal a military ‘necessity, and it must 
be so recognized. Frum this point of 
wiew the debt should be charged to the 
account which necessitated its construc. 
lien, and whatever revenves are derjyed 
tram other sources are-so much to the 
good. The traffic that will utilize the 
canal depends npon the tolls that will he 
charged, and the President has asked 
the Congress for legislation which will 
enable the establishment of rates. 

There is another policy which if 
nilopted will have a material bearing on 
the reventes of the enterprise, Through 
the Panama Railroad a large expenii- 


ture of money has been made for proe- 


viding the present working forces with 
supplies of all kinds, Though the rail- 
roail has beew reimbursed far this plant 
through fixed charges on sales. it should 


not be abandoned but utilized for fur 
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nishing shipping with its needed sup- 
plies. Suitable coating plants should be 
erected for the sale of coal to vessels 


touching at ir passing through the 
canal, In addition, since oil is now wed 


Ona mumber of ships plying in the Pa- 
cihce, such fuel shonlidl alo be on hand 
tor sale by the canal authorities. 

The extensive machine shops now lo- 
cated af Gorgona must be moved before 
the completion of the canal, and they 
should be established! in connection. witht 
airy dock that will be needed for com- 
mercial purposes, and utilized as a reve- 
nue prixtucer for the canal. This policy 
als needs congressional section, 

With properly regulated tolls, and with 
facilities for fully eqtipping, supplying. 
and repairing ships, the Panama. route 
would offer tmany-acvantages ard bring 
to it a sufficiently remunerative return 
fo pay mot only the operating expenses, 
but to geataally absorb the debt which 
the United States has incurred by its 
construction. 


THE NATIONAL GEOGRAPHIC SOCIETY 


P™MHE speeches delivered before the 
National Geographic Soelety on 
the occasion of the annual han- 


quet, Saturday evening, January t4, will 


be printed in full in the next number of 


the Mayivzine, 

\t the annual meeting of the Society, 
Januory 13, the ight members of the 
Roard of Managers whose terms ex- 
pired at the meeting were imanimowsly 
re-elected for the ensuimg three years, 
viz., Mexander Graham Bell, Henry Gan- 
nett, J, Howard Gore, A, W. Greely, 
Gilbert MH. Grosvenor, Creare Otis Smith, 
O. A. Tittmann, and Jolin Af. Witsen. 

At a tegular meeting of the Hoard of 
Managers, January 18, Mr. Henry Oan- 
nett was reelected President: Mr. QO. HH. 
Tittmann, Vice-President: Mr. .O. P. 
Austin, Secretary, and Mr, John Joy 
Ealson, Treasurer, for the ensuing year. 
The reports of the Secretary and Treas: 
urer for the year i91g-are printed below, 


HEPORT OF SECRETARY 0..F. AUSTIN TOR 
THE YEAR ENDING DECRMEIE Ti, Igto 


The year 1910 shows w large increase 
in. the membership of the National Geo- 
grapiiic Society and a general improve- 
ment in its condition and work. 

The number of members December 1. 
1yo9, Wie §3.333; the number added 
npon their own application during JTan- 
cary t-December 31, 1910, was 23,309; 
the losses by death, by resignation, anil 
by ntom-payment of dues was 2,703, 
making the total membership on Decem- 
ber 31, 110, 74,018, Fifty-one new Hfe 
members were electeil during the year, 
tnaking the total life menthership 3c. 

The membership is distributed through- 
out all the States and ‘Territories of the 
Unten, anil inchiles about 2,358 in the 
Mistrict of Columbia, and hetween yoo 
and 800 in the Philippines, Hawaii, 
Porto Rieo, and Alaska. The member- 
ship in foreign couurttries fs 2.404, and 
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preacnis fifty different countties and 
colonies of the world, ined winge all 
the European countries, Egypt. “[ndia, 
China, Japan, Australia, New Aeulanil, 
the varios Central and South American 
countries, and several of the West [n- 
dian. islands, The membership in Can- 
ada is 863; an Mexien, aso: in Cuba, 
tif; in Panama, 183; in Europe, 652, 
and in Central and South America, f2t, 

A gold medal was presented March 2, 
TOTO, to Sir Ernest MH, Shackleton for 
his explorations in the far somh, the 
presentation being maile on behalf of the 
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Robert E. Peary, 
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Society by the President of the United 
States, William H. Taft, (On Novem- 
ler 18 ex-President Roccevelt acdres<cil 
the Society on his recent expedition to 
Africa. 
Honorable William Ll. Tat 


Ve a 


elected an ‘honorary member oof the So- 


clety during the year in recognition. of 


his active interest in the promotion: of 


phic science. The Society new 





Y tiembers, as follows: 
‘Theodore Roceevelt. 
George Dewey, ‘ane 


ire 


William FH. Taft, 


Frithjof Nansen, 
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Sound Investments 














HE, selection of sound investments is not a difficult 

problem. Tt is but a question of education along 
comparatively simple lines, And yet, it is a subject 
deserving of earctul study by everyone, but especially 
by those whose habit it may be to save some prert of 
their earnings. by people dependent upon incame, or 
by business coneerns appreciating the wisdom of crea- 
ting a surplus reserve fund. 
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The more study you pive thie subject, the renter will 





bet trina ViNtir o mvyiction that the suceess of WelLainfornmed tivestors 





them investment ‘hankers, 





is due for the most part to the efficiency of the organiention of 


Let us submit to you three sound investuents, each of a” 
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distinetly chifferent type, and yielding an averawe return of abet 


5; Per Cent 


bi , a a Be b 
We recommend the investments ta thase whose habit f mar 
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be fo save amd inviesk some part of then earings, ur to precipole 
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Write for our Chrenular AO. 445, 
“Tovestment Seronties 7 
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Your courtesy in mentioning the Magazine when writing will be appreciated 


SE 


The firm of N. W. Halsey & 


Co. aims not merely to buy and 
sell sound bonds, but also to fur 
nish to its clients complete infor- 
mation about them. 

This information covers: all standard 
issues of bonds in which investors may 
be interested, and ts based upon author- 
tative data often resulting from searching 
personal investigations by our own ex- 

ll Vou are an investor, large OT siruall, 
let us supcesl that you send for a copy 
of our comprehensive booklet on Public 


U tility Bonds, entitled 


“The Most 
Satisfactory Bonds” 


This booklet covers the growth in the 
popularity of Public Uthty Bonds, the 
underlying causes, thei salability, and the 
influence of the Public Service Commis- 
sions. It also explains the responsability 
of the investment banker and describes 
the scratching Inv eshgatons preceding 
the purchase of these bends. “lhe book- 
let is llustrated with a number of charts 
ant! diagrams. W ig will be pleased ta 
send you a copy without charge, if you 
are tnterestecl in bonds as investments. 


tsb for Circular Al. N34 


N.W. Halsey & Co. 


Bankers 
Amd Dealers in Government, Municipal, 
Railroad, and Public Utility. Bonds 


NEW VOR 

44) Wall- Sak. 

CHIC ALL 
Th? Mone St 


PHILADELPHIA 
142) Cheeta St 
SAN PRASCISA 
4 Califone 4 
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Knauth, 
Nachod, and Kuhne 
Bankers 


15 William St., New York 
LEIPZIG; GERMANY 





Members of New York Stock Exchange 


INVESTMENT 
SECURITIES 


Drafts on Al) Parte of the World 





Letters of Credit and Travelers’ 
Checks Available Everywhere 


(Obtainable either direct fram us or 
throurn Banks ancl Bankers through- 
out the United States and Canacia. 
Pamphlet “Funds for Tratelers " 


upon application. 


sent 


Estabitined 1b24 
Troy, N. ¥. 


| Rensselaer 


Polytechnic 


Engineering 
and Science 


nstitute 


ities bi tir Rngioctiag §'C. Ptr a fous 
Foeeering Li a [lecmical Fon og bry vase ay iE. Fu. eal 
Loemihl Sehr ils: S.,. cleo spew eal (ie rae 
(HITS moe cher rica), I apediel, ir —- Riles 

dacicol ad Madeetale Teli Lotnereicn 

For calalekgee aya) Til pactradeal pecunilate Biwi |iag 
neterte af prods ed rag eohed efile sete) ker eed onl dellalipegee 
aiid Cae. AP be 


JOHN W. NUGENT, ciara | 
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Union Increases Use 








When two groups of telephone 
subscribersare joined together the 
usefulness of each telephone is 
increased. 


Take the simplest case — two 
croups, each with three subscribers. 
As separate groups there are pos- 
sible only six combinations—only 
six lines of communication. Unite 
these same two groups, and instead 
of only six, there will be fifteen 
lines of communication, 

No matter how the groups are 


located or how they are connectec 
by exchanges, combination in- 


creases the usefulness of each tele- 
phone, it multiplies traffic, it 
expands trade. 

The increase is in accordance 
with the mathematical rule. If two 
groups of a thousand each are 
united, there will be a million more 
lines of communication. 

No one subscriber can use all of 
these increased possibilities, but 
each subscriber uses some of them. 

Many groups of teephone sub- 
scribers have been united in the Bell 
System to increase the usefulness of 
each telephone, and meet the pub- 
lic demand for universal service. 


AMERICAN TELEPHONE AND TELEGRAPH COMPANY 
AND ASSOCIATED COMPANIES 


One Policy 


One Sustem 


Universal Service 
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I Cavan LACK 
| PAE A= LL) sea 
MEDITERRANEAN | 
BY THE 7o00 Tow 

heb SL 

THE Unusual opportunty to visit fame 

FAR NORTH-WITHiN iG? [lands and peoples of early hastory 
OF THE POLE r | Oy AShap conetructed saleby far 
byrne tt I cruises in these venters Every 
maT Ld rite =e | comfort, excellent cuisina.ete. | 


ubu 
: aauine | Genoa APR.28 


A WINTER PARADISE” 


BREMEN cPmOn see Yoon a profusely illustrated 80-page 
ccrunitee y's r = ey 7 2 | klet with SIX complete ik 


ACuance roth BicGame |i | also 72 views illustrative of t 
Te SFITEREAGEN —s a | rey FF : 
Tio | s wonderful Island. Sent post- 
Dr eninge =e paid on receipt of 4e in stamps. 
= NORTA’GERMAN- LLOYD |FRANK ROBERTS, Goneral Passenger Agent 
OELRICHS S.CO,Gen agi 5 Shanaway § UNITED RAILWAYS OF HAVANA 
: . — 52 Broadway, Room 2I2e. - “ New York: 
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HONOLULU ,é*°-7" 
, | VOLCANO 

THE TRIF MOST COMPELLING and wth wehile, 
eeréliing all othess [er roitialeir, beast, evel oleawure. 
Ard thie eplancdid tig can be ade it tite mebee and | 
day from Sam Frrutecincs, bie smi linar ton a. SE RURLA, ¢ Ee 
tains ciepliexeennah. “Tle W icine of Kulages, the Jurq-eat 
bey eee wererled, jm trercmmecsecchoripe tyr aurtbiew maw min, Aneel a bee 
que diepatch tripe have beni aranged. . Mawer. before 
has lt hecen pesaitice to sauke thie cessrable tim wriths sisck 
peed and combunt, and the proce deter, O10, first elena, 
trem Sac Francie fn Homaliela mock tonerke. mrsel B41 fase 
ande ine fron dizilighic ia] wire maar ati bined crag taal arid 
aut to Kilasoe; hotel at Hilo y alse Woleano toon Sau 
other trip monies with then, Bee acipe ts) whale the jalancla 
and DROIT NO, wile thevelcoi ieartive. 

Y tite uF riz. 


OCEANIC 5. 5..CO., 
672 Market Street, San Francisca, 





| Stereopticons and 
Lantern Slides 


adapted to the Home, the ‘church, 
the Sehool, and the Lecture Hall 













To Travelers and Lecthiter we offer un. 
Ur pameed fecalties in Jevtire Tatat- retin 
from a collection -of Professionally ade. 











| Eiigh quality negatives covenng all the | 
poncipal courntien of the wel, 






Fimk full brilotoeathiaen at Pherae, ih. 













Underwood & Underwood 
& OW. 15th Street, New York | 














Cees Terrie Couns Vinnie. 


$4 OO per Case, 12 Half Gallons, delivered 
——— through your dealer or direct to ¥ ou. 
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BUCKHEAD IPRINGS, 








We Can Ship You Trees That Will Look 
Like This in Three Years 


ib trmloie leet ore 
sits ji teiejlamt 
‘fie Berl Ger wa 
citihegs, which show 
ue wieck wrailutie 


rf 
far 6O6PwEr | 6a botio§6i 


KEG & feet 
bivh. 1? hert 
r spiro jinch 


ein diane, oi 
he a@nfely shipped 
Da es in Mech 
mm Apr, Wwe will 
QCHhliinee Die to 
Lagies 


HE Wie ae Bik ode 
liniting them, on 
ibe reialis Cheat bev 
een aoeenplrestial 
Anring the pare 7 


We lite tra 3100 
Lite. Maples, Chika 


Bim, Linndens, Catal eae hin § Wwe as 
pai A Poe, Cand Fr, lnrec ifPern Fate lab = 


md Series, 2 hi 4 
TF iigel Thee ate 
GT 1 FAL Tee 


leo hig terete thee 
if the penal alecn, we 
aier Uhctaoneds il 
ieee Veweint 1S ho SS feet qmall trees fier Beret 
S(MiL, With feeds and =| — tlanting of ‘private 
Lone core folly trmed ; = ILCLT Oe ren 


Isaac Hicks and Son . . . . Westbury, L. I. 





Around the World 


A Year’s Tour 


Leaving New York July 27 for Eastern Europe, India, Java; Australia, 
New Zealand, Philippines, China, and Japan. 
Other Tours Around the World from four to nine montha in lenzth, leaving 
in September, Oetober, November, and later. 
nh | Leave Pha ew York Juni= 17 for Nugperey ated] Latl ad the PB rai tet Son, Biiaertly ape, Scandisiivia, 
EUROFP (-ermany, oT IEF ETandlil. tal this Plivieta, tied Paria Creer Farnpesis Tours, fdlarch 5, pet! E 
= Whew (O27, Foe (0, 0S, July 9) 27, 2S. Auge 26, acta Jadece 


Wartet Maoblete map we send wou 7 


RAYMOND & WHITCOMB COMPANY 
Established 1879 


foOsTON NEW YORK PEOL_ADELPHLA DETROY PITTSBURG 
bist We LW ot 275 Akh Awe ee a a WEnoocetie Bldg Ce) ware Hide 





THE PILGRIM TOURS TO EUROPE 


AL ene of heente moderetel priced tin unde: CORO A TRS 
PIONS of NORW 4" 
LAN of tlie MIDSEGHT SLIN 









chime Tinted Hataeercncl, whadciig all thi bese apd 


eral! place iil pjere pit Fe petienced eer rrts WEINTERE A he Eas 
in thage wl each party Seat fer (Vane BRITLSH Shes 


THE PILGRIM TOURS . . . . Old South Church Building . . . . Boston, Mana. 
Genes! Agents, LAYMOND & WHITCOMB CO., New York. Philadelphia, Detrnl 
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Bound Volumes of The National 
Geographic Magazine for 1910 


Na PLaprauthene iti th= world prints eo many 
woodettolly unque illostthons of oo 
thany stitiulating and ratrichive articles 
me thre AS al bonne | Coeograp hic Magee. 

The Mingmeiive for 1910 makes @ volume 


of 1.200 pages, with more than eleven 
hundred tonsil picture 


Boond in 4 Morecca, cloth 
sides, * * @ © © & & $4.00 


Bound in Buckram or Cloth, $3.50 


A limited number of bound wolumes for 
the past year, 1910, can be obtained bey 
ordering at once for delivery Feb. 15, 

We can only supply the 19/0 volumes: 
ne previous year avatlable for distrily 


tion. childlrees 
National Geographic Magazine 
Dent. £ 


16th and M Strects Northwest 
WASHINGTON, Dc. 





TEACHERS OF GEOGRAPHY 


We take pleseere in anneroncing the prulfietien 
af @ tetmarkebly clear, comprehenedv+, auch sup- 
erstive 


QUTLINE STUDY IN GEOGRAPHY 


Hy MAUD FE RINGSLEY 


The Goowephe Oothne suggests ace porthel 
af teaching this importa eabjeed. aod i can be 
aided awithe are bree - Beir and ees wemgils ye 

Vlaee komgaley i hh Eeperl wh anulywem aed cae 
ning. Pict ootiinees in Literature, Latin. abd 


euted States Hiezony hits faced: phenomenn | 
aoccees, The Outline m Gacgpraphy ia ¢epccmally 
fee. be wall pomuereerel Wael ine oonew feachier of 
the subject ae pedagogical and pracnzal. 

hes Kuerealey work bicrrh ihe ime at the 
tether, emcees hededul methets, shows the 
pop bow te onproech the aubheet, ced gete bon 
Ohortuphly infere «tert 

We conbderty commend viia leek po ieee 
and) clagees i Godpreplip eee here. 


Bound in Boards, Cloth Backs, 37 pages, 
Price, 25 cont 
THE PALMER COMPANY 


120 Boyvleton Street Boston, Maas. 
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"Use Press Clippings , 


[’ will mere than pay-Fou io Secure our ex- 
A naive semidcd, covertiiv al pibberis, irae 
amd perceqmal, aril ont the benefit of the best 
rn ree eraieypalic reading Gf all piapire atl 
periodicals, here ahd offroad, ef miniminm oot. 
Why pittss talline advaritage bar obtalsling the 
eet poste service in sour fine? 


















Cur service is ken by all progressrte teitsi- 
hess mien, publishers, auihors, collectors, ebs,., 
er! le The eat. les fet Secitting whal vot 
wwith wd necd, pevery article-of interest |e af 
VORUFr ally command, 












Write for terms: or aan) your order for 
ME clipes 0 A oe 0) clipes a ES, 











Special Beles qgidted pm Large Onbers. 


The Manhattan 
Press Clipping Bureau 


Cambridge Baling, 234 Pin Awe, Con 3S 
SEW YORK 


Established la. Send for Gur Desk Calendar | | 



























SPRATT'S 
Meat Fibrine and Cod Liver Oil 


Wire the oly [hoo CAcce Weed by Licuiannannt 
Shackiotn oo Hie euceessiul! dauah to the Souls 
Thal. 


All cegent Acting wel Artertc-enpediinons howe 


carricd Spears Bisceis—an ebsoluie proof 
of their shetaniinge value for Vigorous work, 

Send slamp for’ Dee Cubhare;” which oon 
thot muh valuable infoomatioa, 


SPRATT’S PATENT, Ltd. 
Foctori#s and Chie! Offices at Newark, Ny J. 


Dinperin nt San eranilece, St bangin, Chile, 
Clereland, amit Metres, Canina. 








 |mported Norwegian 
sat Bear Dogs 

“= : lov perterd lriah Walfbounda, 
Aleodhounda, Foaxhoonds, {int {_ougar, 


and Lion Houten. Forty -payre tl uatrinterdd 


oainlogue, four cent stingy. 


ROOKWOOD KENNELS, Lexington, Ky. 
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“FE TONE 7 
“ All-silk” Turkish Towels 


Here te wheat we consider the pink af 
porbechon mn bath touwele—AL towel that 
makes the buth an absolote delight; one 
that generates more @lectricity than. on 
electoe battery: one that in hardly moat 
after uemg.-one that is guaranteed to out- 
weal six ofdimary cotfonm of three linen 
towels; ewecy thread of if warrantied th 
b = pure ni fic, ¥G | Cine Lee Ee Priore than fain 
linen ef cotton Lowels 


These “ETONE” “Al_-SILK.” Towels 
are acid in sealed packsstes only or boxes 
for the larger onma, 


Jit celine perk ag =e Encl 
Face Chiths, see Jim ls. e025 
Flan Heat bi [" ewes, 4 aie le a ee i a 3 
Beewlor Hatl Tererels, egee 55 2 46 1.23 


Lima bowen 2 


Fas: 4 
= is til Bath: Towels, wer beway, 2 2 on ha, 
b_xtra AL oper gre Baath hte Ae Hh a 
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Both Sherte, Sele fh iB 
F. MOSS a CcOo., Manufacturers 
495 Broome Street, New York 


[deget ra 


Begeelered OC Pod. (70h (eee, Bede OT tA 


aT OOR WHIST ACCESSORIES 
fri SthA TEAR OT TRE SSeS Weece 


ThA 


Trill willl 


Eres. OC. -FAADCLIFTE & AO. fase Fee St ALe= Fone 





The mein rier hi met piace in. Ae rhc, 
em brmne ing every beatura ta give 
pertect servos 


LOUIS MARTIN’S 


Broadway, AT... » Th Avenue, 
nt 42d St. New York at 42d St. 


Tie Restaurent aif the Aftevonpilere 


Lite i Lanner, anil Sup wrioeao in arte 
He ‘patetanal Teas ‘| atile df | joie 
Dinner, $1.30, from 6 to P Nl. 


ORCHESTRAS 
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his mitienis 
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Pellir FORT I a ibiLos ihn ies 


Munson-Whitaker Co, 
Commercial «fel Lendscape Foresters 


Rosin, 224 Tretnont Bld. 
Now York, 624 4th Ace. Bidz. 
Chicago, 304 Monsdoock Bide. 








PUBLISHERS 


Thi clipping shpare what opiperts 


A HINT TO 


i _ ij 
i Fees 


| EVERYBODY NEEDS MORE MAPS 


FTHERTE, is nothing that gives 40 moch and 
L such definite information as dors a mip 
ifitisa good one. Iroomerable In ks are 
nublished annually that wereld be the better 
for less of de tr eo and pic nes anid niwre 
cf momges, Ett there seen to bot fa racrik rol fin 
pression among the publishers that even L 
dingle map is required only tn lnks cdistinetly 
af travel or, rather, of exploration, nid even 
for thowe: the map is too often inadequate of 
it is wo inserted as to be with difieulty com- 
pared with the reading matter Draw) beistories 
isa should abound, but from many they 

e alligether tucking, 

Write to ts cOnerrming mn (jessie ut 
Mans, Color Work, Ring T ig | 
printing, Our work in all of these lines bu 
of w very high quality 


THE MATTHEWS-NORTHERUP 
| WORKS 
NEW YORK. BUFFALO CLEVELASD 


aid eee al 
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“* The World's Best Table Water” 


From America’s Most Famous Spring, 
Waukesha, Wis. 


Put up Only in NEW Sterilized Bottles 


Annex the World to Your Home 
We td che 


“AIROPLANE” 


Stereopticon 
Complete with Schwan Light, $30,00 


eet) ae FSG ber inves hint 
231) marie mt 











LG 
deutve geutal service of 
T a . 
MVChegie Sites with minuets pee 


The new Sehiion Light will ftany alereop- 
boon and te attachable to any incandescent 
electnc fight wocket. © It is furnished frusm 
250 te I One canedle fours iF reed te 
Mmowlation, Send for ontnicog, 


CHAS. BESELER CO., 


(110 East 23d Street, New York City 


! URES the tte lor ere perience enjoqerd ther tule lactase; see teeta Did @ Cleric yy | eel 
t em stinihard of ef Hence, eth: bi palibic pad perivul iE pete mh ik edie koe Lic la't ol Titties 
a I 


LORDS. 2 wees Cee a i oid See ee et) EE Te Pies We winil | ti {ia ; 4 i Guy il iE 
ijitin tequesd Work erected thn tqhriat the fini 


HARRISON GRANITE COMPANY 
Room 1311-A, 200 Fifth Awe, New York City 


Henideri iter tits tires - 
Al. Larowreutt, (29 South) Sith 8: Pilladelolla, ba, Gere Simi pre, 4 fish Tle’ Lietrat: Miah 
A. te Dei, LO et Adie St) Series, B4 a A Mirch. ber: Tan ltrencse Tale Chinyra, 7 
LL ities a Wrellank (actor. ceLEL Ft abies 6 Uh a oe [PA La T VT 


= Gf it ha " | toa 4 is “Te 


) have sequlral the anle CW t of munolactore: and 2ni= of Lantern Stites from the Motitives tele ty Professces 
EuLewokty HisTmaron, of Yale University, aru] Geowan SVERDEUP, of Minneoote, anil ethers. 

The phemograptys ifltstrate all places of Cemer mplty, inncluitine coGligncal structure, topography, voretation, march: 
tecture, an antiquilies, and the varhotis ine of inhiintania. The collections are fapecially streita in dilldetrationa ul 
faliy lite andl otcupations. They rishsber about AWA) ns! dmchude Practically all the countries of Central and Western 
Asin, comely, Syrtoainl Milnstioe, the borders of Aratle, Abia Minor, Armenia, Paraia, ‘| pascasqia, Russinn Tu his. 
tnt, Alshaniatin, Chitese Tuthestan, the Himalayas, Little Tibet, and Northern India, torethocetth te Phu lgpeies es 
ria, Jaga, nnd Egrope, They arevaluithle for ase in geography oF history clipes, tn Ss LPLiLay sched, or lie cli 
dea rid, sthdew oma tee lua cohered trie i natore hy! eapertiartiaie, Send for 


W.-C. IVES, Myatic, Conn. 
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ys ARMY AUCTION BARGAINS 
"UNG 98, sey daa can anaes 89488 
i 


Army Soeldtles $3.00 up 
GK 


Army Sheer Tanta + 1.80 up 
Arty Unitorma, pew 1.24 ap 
Shot Kile Carhine +» 3.0 
ae Chl Side-Are Pintode « 50 up 
SE ARM SW «a5 up 2 
SEND POSTAL TO.DAy¥ FOR FREE CIRCULAR 
Ir peu : “ak tam reer hie Barguime the Sri. st apes bi red 
smitten ghia: Hace Miliuey EoeysLipeions weit ST SmT An ware 
tanete, Flags, Pisiels, Higess Appear, runes, Rte: 


FRANCIS BANNERMAN, soi HMrouiwny, N. ¥. 
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Outfits for Explorers, Campers, 


Sportsmen, and. Travelers. 


ANTHONY FLALA | 
With 
ROGERS PEET & COMPANY 
roadway at 34th Street 


wEW VORK CITY 


Evans’ Crescent 
Expansion Bolts 


MW Aerever anylhing f fo be fastened 
fo Stone, Grick, or Concrete, these | 
bolis are the bes, 














Put fittings in bole; put on what you 
have to fasten; screw in the bolt. The 
fittings of soft steel have threads in lower 
end, but not In upper, and they draw 
together, expanding on aff sides and || | 
boat ens. | 

The bolts will never get loonie, The 
eréater the strain, the more they hold, 

Catalogues and sanples. 


F. H. EVANS, 
31 to 35 Hewes St, BROOKLYN, N. ¥. 





J send FREE CATALOG No. 
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PNEUMATIC CLEANERS} 


EFORE. you boy « vacuum cleaner, be sure bo 
get a demonatraton of the wendertul REGINA 
~~ thy cleaner with double pumps Sampeest ancl 

itesieat of all, Easiest to tee. Moot modem, 


chong, compact. Beautifully finished. Carehull coke 
struciod | the ama soiled workmen whe TLE 
Farce Pepgina Ne eee Bess. Fully guaanterd, 
Electric or hand. eper ated models, . 

Semel for pastrcul wre aod dearniptrar. Oar detiglit= 
fui and entertaming teuklet, 

THE MAGIC WAND 

ofginal, clever story, beaufilully illustraird in color. 
is oats the criadag paiiom moan enitiiely mew and 
aracare light. Mailed on . 


recerpt of a two-cent stamp. 
The Regina Company 
29 Union Square 
New York 


McClure Bide.. 
Waback Arcoue, Chicage 





New YorEk Spring & Summer Catalor 
if now being mailed, 

excellent Guide Book 
of New York and Faris wearing 
apparel, and other merchandise. 


ifor Women, Children and Men. 


Wa pay postage, anywhere, on mail 
‘shipments of $5 or more, 

See Catalog for Freight and Ex- 
lprese Free Delivery Terns within 
‘the United States. 

| Ordering by dail, froma House of 
|\Character, is a Good Plan, 
duet write us, TODAY: "“"Pleasage 


ei" 


Now York 
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Reduced photograph showing Gitfermce im ates betesee a volume of the Wew (2ith} edition of Tan Enevelopacdia 
Britannica po ordinary boak-poper, and the same vobuine priitod on India paper and bowad in fil] deaible obeepeicin, 





PLAN OF SALE 
The preliminary offer of the new | 
Encyclopacdia Britannica in advance 
of publication was planned with o| 


very practical object in view. It was 
necessary that the publishers ahould 
mucertain, before they began printing 
and binding the volumes on o large 
acale, to what extent the public would 
‘demand the work in each of ite two 


forms (acts printed upon India poper | 


and acts upon ordinary paper), and in 
the six styles of binding. A compara- 
tively amall number of subscriptions 
in advance of publication will be ac- 
eepted at much leas than the regular 
price, but withoul any payments at 
present, im order that the saving which 
the first subscribers may effect will 
induce them to subscribe without | 


delay, and thus te give the publishers | 
an immediate midcation of the. ratio | 
in which the production should he 
apportioned between the two binds 
of paper and iz styles of binding. 


| Dalivery of early coptas in about to 





| Cambridge University Press 


acdia Britannica Departmen 
December ef 1910, 


The verdict of book-buyers is almost unanimous 
in favor of 


ENCYCLOPAEDIA BRITANNICA 
@. The preliminary announcement in the November 
magazines in regard to the new format in which the 
Lith uition is being printed, has yielded a surpris- 
ing result, and yielded it swiftly. 90. per cen? of 
the American orders for the new edition of the 
world’s ; s greatest work of reference call for sets 
printed on India paner (29 volumes, each less 
than an inch thick, although rantaining almost 
1000 pages). “Lhe the India paper 
edition 1s therefore assured. The employ ment of 
this extremely licht ut opaque and strane printing 
paper was a radical innovation whose desirability, 


success: of 


it was felt, might not appeal quickly te the majonty of book-buvers. 


To make. 





the Encyclopaedia Britannica two-thirds sii 


hier i in bolk and twa- 





thirds lighter in weight was an experiment whose aidlvantages, it was decided, 


might not appeal to many who had been accustomed to the work in the format which 
had existed without change or attempt at improvement for so many generations. 
Familiar associations have much to do with the affection with which the Encyelopae- 
dia. Britannica is regaurded by hundreds: of thousands of reailers throughout the 
world. Thoroughly ongimal as is the new work, searching as has been the fresh ‘sur- 
vey of every field of knowledge upon which tts 4,000 grticles are founded, the new 
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Fileventh Edition is nevertheless the successor and, in a certain sense, the inheritor, of a 
great series of traditions, the ultimate fruit of the cumulative experience which has since 
1768 produced ten successive and successful editions of this work, The publishers 
had no desire to force the new India paper format upon the public, and it was at the 
outset recognized that the man who for twenty years or more had seen the familiar 
binding on his shelf, eagerly as he would welcome the new edition, with its wealth of 
new knowledge and fresh information, might still prefer that in outward form it should 
seem the same. Many of the elder among the three generations by wham the new 
work will be enjoved may feel even now that to use the Encyclopaedia Britannica in 1s 
more compact form will involve too great a change in fixed habits; and there is some- 
thing to be said for the point of view thata portly row of volumes isthe most cherished 
of household ornaments. 

| The public, however, have decided in favour of India paper in the propor- 
tion of nine to one. 5625 subscriptions in advance of pt blication had been 
istered when this announcement went to the printer, and of these 5062 
were for the india paper. 















@ To those who spend their lives in libraries, the loss of time, the discomfort, the 
fatigue to the eves entailed by the constant use of cumbrous and heavy hooks, arc 
matters of course, but to the average reader, who has no superstitious reverence tor 
old fashions in the production of books, the efhciency of works ot reference has always 
been Jirnitecl hy their clumsy forin : he has alway4 thought of the Encyclopaedia 
Britannica a3 a-series of large, heavy, and mere or less forbidding volumes ta which 
he has referred bur seldam and always with reluctance. To Aim the novel and_con- 
venient format of the new Encyclopaedia Britannica _has_come as a distinct 
addition to the machinery of modern life in America, He will no longer think 
twice about picking up a volume which he can grasp easily between finger and thumb, 
which can be bent back cover to cover in its Hexible binding, and held for reading as 
comfortably as a magazine. 








@. The purpose of the preliminary announcement of the new Encyclopaedia Brimnnica 
as been attained so far as the percentige in favour of India paper is concerned, 
and early copies will soon be ready tor delivery; but. meanwhile the relative demand for 
the six styles of binding in which the new editiar will appear is of not less pressing 
importance. A great many subscribers, while eagerly welcoming the appearance ot 
the Encyclopaedia Britannica in thin and hght flexible volumes, hove entirely ignored 
the question of bindings, having deferred the making of a choice until the complete 
work is ready for delivery, The use of India paper is one new feature upon w hich 
the success of the Eleventh Edition will depend; the flexible hindings in full sheep- 
ekin and full morocea is another, but the publishers are, at the moment, lacking that 
precise knowledge of subseribers’ requirements in the matter of bindings that is tn- 
dispensable to the production of a large edition of the Encyclopacdia Britannica at low 
cost. The most extensive manufacturing in the history of ablishing is about 
to be projected. §$ The mere making of paper and purchase of skins tor bindings will 
demand ne ittle time, By comunon consent of all competent authorities, the demand 
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A LARGE CONCESSION TO EARLY SUBSCRIBERS 


RITANNICA PRINTED ON LIGHT, OPAQUE INDIA PAPER. EACH 
22 F141 A/ VOL. LESS THAN ONE INCH THICK (Almost 1000 pages.) 








for the new Encyclopaedia Britannica has been accumulating for years. The first 
volume of the edition that is in use: today (and will be displaced and superseded 
by the new 11th edition) was published in 1875. ‘There have been various reprints, 
some unauthorized; and in order to evade the copyright law, versions were published 
(the sale of which was afterwards suppressed by the United States Circuit C ourt ) 
which did not contain all the original atticles; in the genuine and the incomplete and 
mutilated forms, the total sale in America was. not less than 4()0,000 copies. 
Conservative estimates based upon this previous demand shaw that the printing and 
binding which are about to follow the present offer must be on a gigantic scale. 


@_ The plan of first issuing a limited number of sets, for which subscriptions 


are being received, will 
enable those who register 


their names now to obtain 


the work at a substantial 
concession in the price. 
When the first subscriptior: list 


has been filled, a supplementary 
(or waiting) list will be opened 
forthose whose applications were 
received too late to be entered 
on the first list. 5(),000 sets 
in 1911 is not an extravagant 
estimate of the demand for rhe 
new Encyclopaedia Britannica. 
In wew of the magnitude of 
the printing and binding, many 
subseribers will have to wait 
until the manufacturing has 
been so organized that com- 
plete copies can be produced 
quickly and in quantity. All 
subserptions will be dealr with 
according to priarity of appli- 
caton. No money need be 
id until after delivery of 
the volumes; all that the 'Cam- 
bridge University Press now 
requires isan early infimation 
of intention to sulbscr; lye, 





whether for India paper or 
ordinary, and for which of the 
six stvles of bincling. 


The New i Ese) Edition of the 
ENCYCLOPAEDIA BRITANNICA 


aFresh and Original Seroey af Afoman Thought, Learn- 
ing and Achievement fo 1910. A Complete and Authorita- 
tive Exposition af Knowledge. Jt Consiata of 28 Volumes 
ond Index, Compriaing 27,000 pages ond 40,000 Articles. 
The Liat m@ Open for ADVANCE SUBSCRIPTIONS 
(1) On INDIA PAPER (very light and opaque, in 
‘Three Styles of Binding —CLOTH (54.25), FULL 
FLEXIBLE SHEEPSKIN. ($8.25), and’ FULL 
FLEXIBLE MOROCCO (86,75), the volumes to 
be less thin ONE INCH THICK (969 to 980 
pages}, | 
(2) On ordinary book paper, in Three Styles of Bind- 
ing—CLOTH, (4.00), HALF MOROCCO 
($5.25), and FULL MOROCCO (87.50), the val- 
umes to be 27 INCHES THICK (S60 ta 980) pages), 
At these prices (the Ninth Edition having been sold, when 
fret issued in Englind and America, at 30). or $7. $0 a wilume), the 
new Lecirepetia Aevaonita toa considerubly cheaper book than 
ever before, and in ite turn convenient and peaduble form, likely te 
appeal te amich wider public. Furthermore, the alight ahditional 
cot for the India paper ancien te not mM proportion to its wetunl 
Huorket Viluation, a6 it ih well known that books printed om fntia 
paper are alivys iveged jt litgely jitice's 


Wo Pte ae ont af Aerie efviting of the EN OFCLOPA Es 
Mal BRST ANN A fen petal date! ane repeated fe aoeie a ef Me fact 
(Gariy taffeta eh elite Lie Armre! (eae air ef wT, 


rane 
eae a lied), acme Pheer ea te Parry De marcia till bee be ferent 


dora diey cme aicuee of Chee aol aolitiawy al a foe hein. 


hote The nw ENCFCLOPAOIA BRITANNICA 1s offered) dinet tp he 
jrutic. unit cay tisk peinte of CUNeAaeern fee upload. 
APPLICATION FOR THE PROSPECTUS 
Fall partinitarn of prices (in advance. of publication), of deferred 
payments, bookenned and birulings, lorcther with & prepectus cot 
Dining En atom f the work, with epecimen pige, order form, 
ete. free on apjlbeatinan, 

CAMBRIDGE UNIVERSITY PRESS 
(Enryclopoda Botanica Departnient), 35 West Pd St., New York, 
Meane send me the prospective of the new ENCYCLOPAEDIA 

BRITANNICA (fith Edition). 
Stat. Name 
4 —__—— me 
Profi or Boiiee | with salilpees) 
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CHARTERED BY CONGRESS OF U. 5. AND UNDER THE SUPERVISION OF THE 
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Globe-Wernicke Elastic Bookcases 
add 
Protection to Convenience 
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Che Slobe-Wernicke “‘clastic’’ bookcases are not 
only selected for their appearance and conventence, but also 
because of the protection afforded, 


Valuable books especially should be stored i 
Slebe-Wernicke dust-proof and non-collapsible units, because, in 
catastrophe such as fire, they can be quickly and easily removed 
with the cowfents intact; where, as it 1s ofttimes impossible to 
Protect books from fire and water on shelves or built-in bookcases. 


Slobe-Wernicke units are made in many different 
Sly les and tnishes to harmonize with appropriate interiors for 
home, club and pubse libraries. 


Catalogue ilustrated in colors, also copy of “The World's 
Beat Books,’” as compiled by such emi nent authorities as laniitond W baal, 
John Ruskin, Ganon Farrar, Dr. Eliot, Sur John Larbbock, mailed on reques 


Carried in stock by nearly 1,500 agents, but where 
nal Fepresenied, re ship cnr ‘approval JretwAl paid. 


dhe Slobe-Wernicke Co., Cincinnati, U. 5S. A. 
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